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Vill. LIVERPOOL BIOLOGICAL SOCIETY. 


REPORT of the COUNCIL. 


The past session has been a memorable one in the 
annals of the Society. In the first place, during this 
session the Society celebrated by a most interesting and 
successful function, its twenty-first year of work, and 
secondly, for the first time the student members of the 
Society organised themselves as a distinct section. 


The “Coming of Age” celebration was held on 
January 25th, and took the form of a Scientific Con- 
versazione (see “ Proceedings,” p. xi.) held in the Zoology 
buildings of the University. In addition to members of 
the Society and their friends, a number of representative 
citizens and many scientific men from other centres were 
invited, and took part in the proceedings. The Society 
is very much indebted to the distinguished visitors who 
so kindly brought interesting exhibits and delivered 
addresses, and at the next succeeding meeting of the 
Council the following resolution was passed :—-“ That the 
cordial thanks of the Council of the Society be accorded to 
Prof. Poulton, Mr. Stanley Gardiner, Prof. Cossar Ewart 
and Mr. R. C. Punnett for their great kindness in con- 
tributing so much to the interest of the function which 
was held in celebration of the coming of age of the 
Society.” 

Under the stimulating influence of Mr. Pearson and 
Mr. Douglas Laurie, an unusually large number of junior 
and senior students of the Zoology Department of the 
University joined the Society as student members, and, 
with the sanction of the Council, these members were 
organised into a “ Students’ Section,” holding supplemen- 
tary meetings under officials of their own electing, and 
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having a representative on the Council of the parent 
Society. The membership of the Students’ Section is 48, 
and 11 meetings were held in addition to the ordinary 
meetings of the Society. 


The communications made to the Society at the 
ordinary meetings have been representative of almost all 
branches of Biology, and the various exhibitions and 
demonstrations thereon have been of great interest. 


The Library continues to make satisfactory progress, 
and additional important changes have been arranged. 


The Treasurer's statement and balance-sheet are 


appended. 


The members at present on the roll are as follows : — 


Honorary members - - - - - - 8 
Ordinary members” - - - - - - 66 
Associate members” - - - - - - 38 
Student members, including Students’ Section - 60 


otal a + 116 y/ 


xX. LIVERPOOL BIOLOGICAL SOCIETY. 


SUMMARY of PROCEEDINGS at the MEETINGS. 


The first meeting of the twenty-first session was held 


at the University, on Saturday, October 27th, 1906. 


The President-elect (Prof. Herdman, D.Sc., F.R.S.) 
took the chair in the Zoology Theatre. 


1. The Report of the Council on the Session 1905-1906 
(see “ Proceedings,” Vol. XX., p. vill.) was sub- 
mitted and adopted. 


2. The Treasurer’s Balance Sheet for the Session 1905- 
1906 (see “ Proceedings,’ Vol. XX., p. xvail.) was 
submitted and approved. 


) 


3. The following Office-bearers and Council for the 
ensuing Session were elected :—Vice-Presidents, 
Joseph Lomas, F'.G.8., and Alfred Leicester; Hon. 
Treasurer, T. C. Ryley; Hon. Librarian, James 
Johnstone, B.Sc.; Hon. Secretary, Joseph A. 
Clubb, M.Se.; Council, H. C. Beasley, R. Caton, 
M.D., W. J. Halls, Oulton Harrison, W. T. Haydon, 
W.S. Laverock, M.A., B.Sc., R. Newstead, F.L.S., 
J. H. O'Connell, L.R.C.P., Joseph Pearson, M.8c., 
Alfred Quayle, and Professor Sherrington, F.R.S. 


4. Professor Herdman delivered the Presidential Address 
on “Some Problems of the Sea” (see “ Transac- 
tions,’ p. 1). A vote of thanks was proposed by 
Mr. Alfred Leicester, seconded by Dr. O’Connell, 


and carried with acclamation. 
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The second meeting of the twenty-first session was 
held at the University, on Friday, November 9th, 1906. 
The President in the chair. 


1. Mr. H. C. Chadwick submitted the Annual Report on 
the work of the Liverpool Marine Biology Com- 
mittee and the Port Hrin Biological Station (see 
“Transactions,” p. 21). 


The third meeting of the twenty-first session was 
held at the University, on Friday, December 14th, 1906. 
The President in the chair. 


1. Mr. C. Gordon Hewitt, B.Sc., submitted the L.M.B.C. 
Memoir on the anatomy and physiology of Liga 
oceamca (see “Transactions,” p. 69). 


2. Mr. W. Dakin, B.Sc., gave a note on the swimming 
of Pecten from observations made at the Biological 
Station, Port Erin. 


In celebration of the 21st session of the Society, a 
highly successful function, in the form of a Scientific 
Conversazione, was held in the University on January 
20th, 1907. On the invitation of the President and 
Council, a large and distinguished gathering assembled, 
and was received by the President and Mrs. Herdman in 
the Museum of the Zoology Department. The guests 
included many leading citizens, representatives of the 
sister societies of the City and of Manchester, Chester, 
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Southport, and other towns, as well as distinguished 
representatives from the Universities of Oxford, Cam- 
bridge, Edinburgh, Belfast, Manchester, Sheffield, and 
London. 


After the reception, a short meeting was held in the 
Theatre, where the President welcomed the guests and 
_ referred to the importance of the occasion. Short 
addresses of a congratulatory nature were given by Sir 
Charles Hliot, Vice-Chancellor of Sheffield University, 
Principal Dale and Professor Poulton, of Oxford. Dr. 
Caton, as a past-President of the Society, responded. 


The following lecturettes and demonstrations were 
afterwards given :—By Mr. R. C. Punnett (Cambridge) on 
‘The New Heredity.” By Prof. Poulton, F.R.S. (Oxford), 
on “The most wonderful example of Mimicry in the 
world,” illustrated by the electric lantern. By Prof. 
Cossar Ewart, F.R.S. (Edinburgh), Exhibition and 
Demonstration of Horses’ Skulls recently dug up from a 
Roman camp. By Mr. J. Stanley Gardiner (Cambridge), 
Leader of the recent expedition in the Indian Ocean, on 
“The Seychelles,” illustrated by the electric lantern. 


The following Exhibitions were laid out in the various 
rooms, and were explained at intervals during the 
evening: —(Mr. J. Johnstone)—Marked fish, otoliths, 
bacteriology, models, &e. (Miss Allen)—Exhibition of 
books, and the Society’s publications. Exhibition of 
original drawings and proof plates. Collections of Tuni- 
cata and Pearl Oysters. (Mr. Douglas Laurie)—Collection 
of Ceylon Crabs classified, with demonstration of 
dimorphic forms. Exhibition of Antarctic photographs 
by Mr. W. S. Bruce, Leader of the “ Scotia’ Expedition. 
(Mr. J. E. S. Moore)—Microscopic demonstrations of the 
maturation of the ovum. (Mr. Newstead)—Exhibit 
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illustrating Insects and Disease. (Mr. Pearson)—Exhibi- 
tion of microscopic objects. (Mr. Dakin)—Incubation of 
Eggs, collection of Oceanic Oozes, &e. 


The fifth meeting of the twenty-first session was held 
at the University, on Friday, February 8th, 1907. The 
President in the chair. 


1. Prof. Herdman gave a short note on “A Further 
Problem of the Sea,” dealing with the distribution 
of marine animals on the Maldive Islands and the 
coast of Ceylon. 


2. Mr. J. Johnstone, B.Sc., submitted the Annual Report 
of the Investigations carried on during 1906 in 
connection with the Lancashire Sea Fisheries 
Committee (see “ Transactions,” p. 101). 


The sixth meeting of the twenty-first session was 
held at the University, on Friday, March 8th, 1907. The 
President in the chair. 


1. Mr. R. Douglas Laurie, B.A., communicated a paper 
on “ Biometric Methods in relation to Evolution.” 
A discussion followed. 


a. The President submitted the L.M.B.C. memoir on 
“ Antedon,’ by Mr. H. C. Chadwick (see “ Tran- 
sactions,”’ p. 371). 
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The seventh meeting of the twenty-first session was 
held at the University, on Friday, May 10th, 1907. The 


President in the chair. 


1. In the absence of Dr. O’Connell, the Secretary 
exhibited, with remarks, some of his teresting 
hving reptiles. 


2. Mr. J. Pearson, M.Sc., communicated a paper on 
“Hedysis and Regeneration of lost limbs in 
Crustacea.” An interesting discussion followed 
the reading of the paper. 


The eighth meeting of the twenty-first session was 
the Annual Field Meeting held at Hilbre Island, on 
Wednesday, May 29th, in conjunction with the Manchester 
University Biological Socrety. At the short business 
meeting held after tea, on the motion of Professor 
Herdman from the chair, seconded by Dr. O'Connell, 
Mr. W. T. Haydon was unanimously elected President 
for the ensuing session. 
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ADDRESS 


ON 
SOME PROBLEMS OF THE SEA. 


By Proressor W. A. Herpman, F.R.S., PRESIDENT. 
(Read 26th October, 1906.) 


I beg to acknowledge, with proper gratitude, the 
honour you have done me in electing me once more to the 
Presidential chair of our Society. You are aware that 
at the end of the present session we attain our majority. 
Our meeting next January will be the twenty-first since 
the Society was founded; and, as the senior surviving 
past-president, it was perhaps appropriate that I should 
be asked to re-occupy the chair for the occasion. As I 
desire to ask the Council to allow me later in the session 
to arrange a suitable celebration of our twenty-first year 
of work, I shall not occupy your time further now with 
remarks which may be more appropriate to that occasion. 


I have already given two Presidential Addresses to 
this Society, and on thinking of what might be suitable 
matters to occupy you with on this third occasion I 
decided that 1t might be well, in place of taking one 
specific subject, to deal with two or three general 
questions of wide interest to all biologists, I hope, and 
possibly to others outside our bounds. That leads me to 
ask—Why are there not more within our bounds? This 
Society is too small. When we consider the wide scope 
and the deep interest of biological investigations, and 
their practical importance to mankind in connection with 
food supply and the public health—in addition to many 
industries, such as that of the oriental pearl, which 
enriches man by enhancing the beauty of woman —when 
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we remember that this Society embraces every branch of 
Zoology, Botany, Physiology, Paleontology, Geographical 
Distribution and many Practical Applications of these 
subjects, it is distinctly disappointing to find that the 
vast population of Liverpool yields us less than a hundred 
members. 

The scientific man likes to think that all things can 
be explained—sooner or later; and probably the explana- 
tion of this curious circumstance is simple enough, but 
involves several reasons. The reason that prevents one 
man who would be interested in our meetings from joining 
us is not the reason that deters another. Leisure time for 
science in the lives of those who have other professions is, 
with the multifarious pursuits of modern life, more limited 
than it used to be. We all have many engagements and 
more or less urgent calls upon our spare time and surplus 
energy, which become more exacting as we get on in life. 
Other more special societies—Entomological, Concho- 
logical, Geological, Microscopical—call off some who 
would otherwise cast in their lot with us, and who find 
that time is too short for both series of meetings. Some 
have the mistaken idea that biology is too deep and 
uninteresting for any but the specialist, and that our 
proceedings may be learned but are dull. Buology 1s only 
as deep as the nature it studies, and that is of all depths, 
and it is interesting to every naturalist who loves any or 
all sides of nature; and, as for our methods here, they 
are in the hands of our members, and those of us who have 
been longest on the Council will rejoice the most at seeing 
more of our younger members playing a more active part 
in the affairs of the Society. 

But I believe a far more potent reason than those I 
have given is simply that we are not known. I believe 
that there are hundreds, possibly thousands, in these parts 


SOME PROBLEMS OF THE SEA. BS) 


of Lancashire and Cheshire who would be sufficiently 
interested in at least some of our meetings—no one need 
pretend to be equally interested in all—to receive 
intellectual pleasure and stimulus if they only knew of 
the existence and work. of our Society. The terms of 
membership ought to be made as easy as the Council can 
devise, the proceedings at our meetings ought to be made 
as instructive and interesting as Science knows how, and 
then every man and woman who studies, or wishes -to 
study, or cares about advancing the study of, any branch 
of Natural Science—including what is called ‘‘ Nature- 
Study ’—ought to join our ranks and take part in our 
work. It lies with our present members to enlarge our 
bounds and to draw others within the fold. I appeal 
with confidence to you all to bring your friends to the 
meetings, and, if they are interested, to propose them as 
members, and to make the Society and its work known 
in any way that presents itself. 

Finally, I appeal for more young members. All 
biologists are young in spirit. The study of nature keeps 
them young, or, if they have only taken to it late in life, 
it makes them young again. When I think of the young 
men I have known of mature age—such as the late Dr. 
David Robertson, “ the naturalist of Cumbrae,” who came 
dredging with some of us on the West Coast of Scotland 
in his 86th year, and was as keen and useful as the 
youngest and best of us—I am sorry for the prematurely 
aged persons of few years, but many cares, who have no 
interests beyond their business and, it may be, a football 
match or the golf links. A “hobby” is the saving of 
many both in their physical and their mental health, and 
no hobby is so conducive to health, sanity and happiness 
as devotion to some branch of Natural Science. 

The advantage of biology as a _ science for 
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the amateur is that you can _ sub-divide it as 
much as you like, and still study your fraction 
in an intelligent manner. Years ago one of the 
amateur naturalists of Liverpool devoted his leisure 
to the special study of the common cockroach, but after 
some time he found his subject too large and had to 
restrict his attention with increased interest to one of the 
markings upon the head of that complex animal. That 
may be regarded as an extreme case, but, to take other 
examples, the study of Foraminifera, of Molluscan Shells, 
of Zoophytes and of Polyzoa, of Copepoda or of some 
group of Insects, is a subject large enough as a serious 
“hobby ” for any man or woman. I need hardly say that 
such an amateur naturalist may do very good work and 
make valued additions to science. It is one of the glories 
of British Marine Biology that so much has been 
discovered and so many of our best monographs written, 
not by professional men, but by serious amateurs—men 
who have devoted the leisure of busy lives to the study of 
some branch of the subject as a hobby. I should lke 
to see more young men and women come forward as 
members of this Society and become practical Naturalists. 
Those of us who are older and have had, so far, more 
experience of nature and methods will be only too 
thankful to help them at the beginning, then to work with 
them, and finally to learn from them. 


IT have just mentioned ‘“ methods,” and one of the 
first methods to learn is the method of collecting the 
organisms you wish to study; and that brings me to the 
second part of this address, in which I wish to lay before 
you for consideration some questions in connection with 
methods of collecting in Marine Biology which I have 
had occasion to think about of late years. 
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The methods of collecting you adopt will, - of 
course, depend upon your object in collecting. If 
you want large numbers of specimens you will 
adopt one method, and you will collect when, 
where and how you find you can get the greatest 
abundance. If, on the other hand, you want as many 
kinds as possible, you will adopt most varied methods, 
now one and now another, and you will collect in a very 
different manner in the different seasons and localities. 
But, so far, you will only get what may be called quali- 
tative results, and that is what most naturalists have been 
content with in the past. Edward Forbes, the pioneer of 
dredging in this country, Wyville Thomson, the leader 
and hero of the “Challenger” expedition, Alder and 
Hancock, Carpenter and Jeffreys, Hincks and the Bradys, 
the well-known authors of our most authoritative works 
on marine biology, have all collected in the manner I 
have indicated above and have recorded qualitative results 
only. They have told us, in their monographs and reports, 
about the various kinds of animals found, but have only 
given vague indications of the relative abundance, of the 
seasonal variations, of the topographical distribution and 
of the bionomics of their environment. 

‘Is any other kind of result attainable by collecting 
methods? ‘That is one of the most important and funda- 
mental questions which the marine biologist of the present 
day has to consider. When the application of marine 
biological enquiries to the problems of the fishing 
industries came to be investigated it was realised that a 
quantitative knowledge of such organisms as constitute 
the food, the enemies and the fellow competitors of our 
marketable fishes was desirable if not essential. Of these 
matters we then were, and still are, very ignorant. Lord 
Onslow, our first Minister of Fisheries, in opening, a year 
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ago, these Laboratories in which we are now assembled, 
alluded to the absence of exact knowledge of the subject 
which he found on taking office as President of the Board 
of Agriculture and Fisheries. Of course, isolated facts 
of a quantitative nature had become known and were 
accumulating, but there was no organised body of 
quantitative data such as would suffice to guide a policy 
or lead to definite conclusions on many fishery questions. 

Asan unimportant example of such an isolated obser- 
vation we may take the fact that about twenty millions of 
the minute organism Ceratium tripos may be eaten in one 
day by the sardine on the French coast. No doubt every 
fact in science is of some value, and will one day find its 
place in the completed scheme of knowledge. But as a 
single observation unrelated to other facts this is of 
comparatively little value, except in so far as it suggests 
to us how important it might be to find out when, where 
and why the Ceratium becomes available as food for the 
sardine, where it comes from, and why it is sometimes 
absent. Many attempts have been made of recent years 
to answer such questions by obtaining quantitative 
information as to the distribution of organisms in the 
sea. The most noteworthy example of such work is that 
done by the German “plankton” naturalists, such as 
Hensen, Brandt, Lohmann and Apstein, at first under 


the well-known “ Kiel Commission,’ and latterly in 


connection with the International exploration of the 
North Sea, These investigators, and especially Professor 
Hensen, deserve the greatest credit, not only for the 
central idea of organising and employing such means 
as would give exact quantitative results, but also for the 
ingenuity with which they have devised and worked out 
the details of the necessary methods and instruments. 
They have invented deep-water tow-nets, the silk of which 
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is shaped in accordance with mathematical formule to 
ensure the most efficient proportions. They have 
calculated filtration co-efficients applicable to each kind 
of silk employed, in its various conditions. They have 
elaborated apparatus for filtering, measuring and 
analysing the results of the catch. They have made 
series of observations in fresh-water lakes and in some 
parts of the ocean, and from the samples so obtained 
they have drawn conclusions as to the population and the 
cyclical changes of matter in the sea of a very wide- 
reaching nature. 

Dr. J. Travis Jenkins, some five years ago, gave an 
account to this Society of the “ plankton ” work as carried 
out by the Germans in the North Sea and the Baltic, 
and on that occasion he said:——‘‘ It is to be hoped that 
the Irish Sea may be subsequently investigated in like 
manner. A comparison with the results already obtained 
from the North and Baltic Seas could not fail to be of 
interest and to yield important results.” (Trans. L.B.S., 
Vol. XV., p. 280.) For several years I have been trying 
to get such work carried out in connection with our 
local sea-fisheries investigations; but, although everyone 
concerned is sympathetic and helpful, it is difficult to get 
any new work, however important, undertaken on board 
a steamer that cannot, because of administrative duties, 
be wholly devoted to scientific investigation. A Hensen 
plankton net has now been obtained for the fisheries 
steamer, but is not yet being systematically used. It was 
partly because of this difficulty that I decided to charter 
a small steamer myself for a couple of’ months this 
summer and then made the series of trials of plankton 
nets at Port Hrin which I shall tell you about presently. 

But let me first give you some idea of the problems 
in the economics of the sea, which Hensen and his fellow- 
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workers undertake to solve by means of their system of 
plankton observation. From a series of 120 observations 
in the Eckenférde district of the West Baltic, Hensen 
concluded that from January to April, over an area of 
about 16 square miles, there are in all 370 eggs of cod 
and flat fish per square metre of surface. He also 
calculates that the fish caught in the same district would, 
if left in the sea, produce 110°6 eggs per square metre, 
and the relation between these two totals shows that the 
fishermen capture in that district about one-fourth of the 
fish population annually. It is obvious that the correct- 
ness of this conclusion depends entirely upon how far the 
120 original observations were truly representative of the 
16 square miles of sea fished. 

As the result of three series of 49, 50, and 59 catches 
respectively, made in the North Sea in 1895, Hensen and 
Apstein computed that the North Sea contained that 
season, in its surface waters, 157 billions of fish eggs. 
Here the quantity in the 547,623 million square metres 
of the North Sea has been estimated from 158 sample- 
catches, and from our knowledge of the average number of 
eggs produced annually by each kind of fish, it is stated 
that we can arrive at the actual number of mature food 
fishes of the North Sea 
upon such a small number of samples as 158—only one 
for each 3,465,968,354 square metres of surface. 

From certain samples obtained from the West Baltic 
it has been calculated that every square mile contains 80 
to 100 billion Copepoda, and from the relative proportions 
of eggs, larve and adults it is deduced that for the 16 
square miles of the fishery district the annual consumption 
of Copepoda must be 15,600 billions; and that con- 
sequently that district supports Copepod food sufficient for 
534 million herring of average size, 


a colossal conclusion to base 
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Nothing in the economics of the sea could be more 
important than such conclusions if we could feel certain 
that they are correct, or even that they are reasonable 
approximations, for, of course, in dealing with such very 
large numbers it is not possible, and it is not necessary, 
to have absolute accuracy. 

These elaborate and highly ingenious methods of 
Hensen and his school, devised both to capture and to 
estimate the living contents of the sea, have naturally 
been subjected to a certain amount of criticism. This has 
appeared chiefly in Germany and in the United States, 
and a fair example is seen in Professor Kofoid’s paper 
“On Some Important Sources of Error in the Plankton 
Method ” (see “ Science ” for Dec. 3, 1897).* 

It has been pointed out by Kofoid and others that the 
net does not, as a matter of fact, filter the whole of a 
column of water through which it passes; a part of the 
water is pushed aside. There is for every net—-probably 
for every net on every occasion when it is used—a 
co-efficient by which the result must be multipled. It 
is difficult enough to determine this co-efficient (some 
number such-as 1°32, which has sometimes been used) 
when all the factors in the case are known, but even when 
it has been correctly determined for a special form of net 
and mesh of silk it must not be assumed that it will 
remain constant. On the contrary, it will vary with the 
rate at which the net is hauled and with any current 
tidal or other in the water; and, furthermore, there are 
two changes which take place in the mesh of the net that 
will affect it, viz., shrinkage with use and clogging with 


* See also his ‘‘ Plankton of the Illinois River’’ in Bull. Llin, 
State Lab. Nat. Hist., vi., Nov. 1903, where Kofoid explains why he 
relinquished the Hensen and Apstein nets for the pump-plankton 
method, 
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particles organic and otherwise. Kofoid finds that from 
shrinkage alone the area of the openings in a square centi- 
metre may decrease 90 per cent. 

A difficulty of quite another kind that has been 
pointed out by various critics is that small as the meshes 
of the silk are, many of the minuter organisms of the 
plankton pass through and are lost. Kofoid has 
determined the percentage of loss from this source for 
certain organisms, ¢.g., he finds that “of Codonella as 
many as 21 individuals may escape to one retained.” 

But these difficulties, serious as they may seem, and 
as they are regarded by some, may still be to a 
considerable extent overcome by taking precautions and 
by applying corrections to the result. They are trouble- 
some difficulties, but they are not, to my mind, fatal. 
They only make the work more difficult, more expensive, 
and more slow. They may still, after all corrections have 
been applied, allow of a fair approximation to a correct 
quantitative estimate of the organisms present in the 
particular sample of water through which the net has been 
pulled. But can we safely apply the results so obtained 
to any further purpose? This brings me to my main 
difficulty—a difficulty I have felt for many years, but 
which was forcibly brought before me in my observations 
at Port Erin during the present summer. It is a funda- 
mental assumption (principle I think it is sometimes 
called) in the Hensen method, that the organisms are 
distributed with such uniformity over wide areas of the 
sea that, after taking some samples per square metre, it 
is considered justifiable to multiply up by the number of 
square metres in a fishing district, or even in the wide 
extent of the Baltic or the North Sea. Here we have 
evidently a most fundamental point upon which the 
stability of the entire superstructure depends. If your 


SOME PROBLEMS OF THE SEA. tie 


samples are not sufficiently representative, if your 
observations are lable to be affected by any accidental 
factor which does not apply to the entire area, then your 
results may be so erroneous as to be useless or worse than 
useless, since they may lead to deceptive conclusions. 

Let us examine this assumed uniformity of the 
plankton. It is a: common experience of all 
naturalists who have tow-netted much on the surface 
of the sea, that many of the commonest organisms 
occur in swarms, and that neighbouring areas 
of water may differ very much in density of 
population and may also change greatly from day 
to day. Many such cases are recorded in the ltera- 
ture of biology, in the Reports of the “ Challenger ”’ 
expedition, and elsewhere, but I may add here a few 
observations of my own. On the West Coast of Scotland 
I have seen large Copepoda so abundant for a mile or two 
that they seemed from the deck of a yacht to be dancing 
in crowds in the water. On stopping the boat and taking 
a gathering with the net they were found to be Calanus 
fimmarchicus. In a few minutes we passed out of the 
swarm. Consequently, two sample gatherings taken a 
mile apart would, on this occasion, have given totally 
different results. On our L.M.B.C. expeditions in the 
Irish Sea we have on many occasions noticed and recorded 
the very irregular distribution of Anomalocera patersoni. 
On one occasion, in the North of Norway, I got in a short 
haul of the surface tow-net a phenomenal amount of the 
bright red northern form of Calanus finmarchicus—so 
much, in fact, that after filling various jars, some of 
which are still in our Museum, we cooked and ate the 
remainder. We took tow-nettings in various other places 
to the north and south, but never got another such haul. 

And this irregularity in distribution does not apply to 
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Copepoda alone. To take an example from the lower 
marine plants: —In the Red Sea and on various occasions 
in the Indian Ocean I have seen T'richodesmiwm 
erythraeum forming a most conspicuous red-brown 
or tawny vellow-brown scum on the surface of the sea for, 
it might be, a few hundred yards up to a mile in width, 
and several or even many miles in length, while the sea 
at each side of the patch was entirely free from the 
organism. Under these circumstances, and I believe 
them to be the most usual circumstances, a sample taken 
in the Trichodesmium area, or possibly two successive 
samples taken by a vessel running along the length of the 
tract, would give enormous numerical results, while if 
the samples had been taken a mile away the conclusions 
arrived at as to the prevalence and importance of the 
organism might have been very different.  Noctiluca 
miliaris, again, is very local in its distribution. 
Occasionally, during recent years, I have taken it in 
abundance in late summer off the North Coast of 
Anglesey, while Mr. Chadwick, tow-netting at the same 
time at Port Erin, only 50 miles distant, across the same 
sea, has not been able to find a single specimen. 

Before turning to my observations at Port Erin this 
summer, let me direct attention to the results obtained by 
Dr. Herbert Fowler in his expedition in the North 
Atlantic in the summer of 1900—a cruise which has 
thrown much light upon the relations of oceanic plankton. 
Dr. Fowler’s results are very valuable in demonstrating 
the varied coniposition of the plankton from day to day 
in the open sea. His sixteen stations were so close 
together that the whole area investigated measured only 
66 miles by 22, and his results for the Chaetognatha show 
that even at adjacent stations on successive days the 
numbers obtained were very different, one catch being 
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many times another, and the greatest about 30 times 
as much as the least. Now, if a vessel taking observations, 
say, 20 miles apart, were to have traversed this area and 
obtained only one of these gatherings, she might have gone 
off with a so-called sample which was ten or twenty times 
too great or too small to represent fairly the average, in 
either case giving an indication that was false and might 
lead to entirely erroneous conclusions. Similarly in the 
ease of Doliolum, Dr. Fowler found an enormous dis- 
proportion between the amounts of the catch on the 
different days, even at closely adjacent localities. It is 
obvious that if the number of Doliolum present in the 
area were calculated from one of his samples (such as 
No. 8) the result would be entirely different from that 
based upon other samples (such as Nos. 24 and 25). Cases 
of this kind could be multiphed, and have no doubt 
occurred in the experience of most naturalists whe have 
done much work at sea. And it was the knowledge of 
such cases that induced me this summer to devote the 
vacation almost wholly to making successive plankton 
hauls day after day in a limited area of the open sea off 
Port Erin, for the purpose of comparing days, nets, and 
depths with one another. 

I chartered a small steamer, which proved fairly well 
suited for the purpose, and cruised mainly between Port 
Krin and the Calf Island. Nearly 80 gatherings were taken 
in about 40 days, and I used in all five different nets, all 
made of fine miller’s silk. These were :— 

A Hensen closeable net of 200 meshes to the inch; 

A small Apstein net of 212 meshes to the inch; 

An open tow-net, weighted, 120 meshes to the inch; 

An open surface tow-net, 120 meshes to the inch, new; 

And an open surface tow-net, 120 meshes to the inch, 

one season old, 
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The Hensen closeable net (Petersen’s modifica- 
tion) and the weighted open net were lowered to 
about the same depth, but gave, when worked 
together for the same time, in most cases very different 
results. The two open surface nets (old and new) 
were worked side by side, and although they were of 
exactly the same size, and differed only in the age of the 
silk of which they were formed, the catch was in most 
cases very different. These differences were on some 
occasions obvious to the eye when the net was emptied 
on board ship; but all the gatherings, carefully preserved 
by Mr. Chadwick, have since been measured and worked 
over by Mr. Andrew Scott, who has kindly supplied me 
with his detailed lists. It is from these that I quote the 
following examples. | 

The gatherings varied in quantity from 0°5 to 40 
c.cm., although all were as nearly as possible 15 minutes’ 
hauls. In some cases the plankton seemed to be fairly 
evenly distributed between surface and deeper waters, 
while on other days great differences existed, e.g., off the 
Calf Island, on August 10th, the surface net and the net 
towed at seven fathoms gave the same amount of 
material; while at the same spot, on August 13th, the 
surface net gave 8 c.cm. and the net at ten fathoms 
32 c.cm., and the following day, at the same spot again, 
the surface net had only 3°5 c.cm. and the net at ten 
fathoms 40 c.cm. — 

Even in cases where the surface and deeper hauls 
were not very different in quantity, a marked difference 
in quality was sometimes visible to the eye at the time, 
and this has since been corroborated by Mr. Scott’s | 
examination, ¢.g., on August 31st, off the Stack of Calf, 
surface, 8 c.cm.; five fathoms, 13 c.cm.; ten fathoms, 
14 cem. Mr. Scott remarks:—-‘‘ Larger number of 
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organisms at bottom, but variety not so great; Acartia 
and Ozthona common all through; Anomalocera and 
Centropages and Crab Zoea at surface only; Calanus, 
Paracalanus and Pseudocalanus more plentiful in the 
deeper water than at surface.’ Again, on August 24th, 
three miles west of Bradda Head, Mr. Scott remarks :— 
“Tt is evident from the two (surface) collections that 
there was a difference in the organisms even in a very 
small space. A marked difference is discernible between 
the surface and ten fathoms.” Throughout these 
gatherings Ozthona seems to be mainly a surface Copepod 
and T’emora mainly a deeper form; Anomalocera is chiefly 
on the surface, and Calanus more abundant in the deeper 
nets. Sagitta is more abundant below than at the top. 
Although in many cases the deeper gathering was larger 
than the surface one with the same net, this was not 
invariably the case as the following examples show :— 

Aug. 24th.—Surface, 8 c.cm.; 5 faths., 19 c.cm. 
Aug. 27th.—Surface, 11 c.cm.; 5 faths., 8°5 c.cm.; 
10 faths., 5 c.cm. 

Aug. 28th.—Surface, 13 c.cm.; 10 faths., 9 c.cm. 

Sept. 6th.—Surface, 6 c.em.; 10 faths., 0°5 c.cm. 
Sept. 7th.—Surface, 16 c.cm.; 5 faths., 6 c.cm.; 
10 faths., 3 c.cm. 
<A fuller account of these details will be laid before 
the Society on some future occasion in connection with 
either the Port Erin Report or the Fisheries Laboratory 
Report; but even without Mr. Scott’s analysis of the 
preserved material there was abundant evidence, to those 
who saw the catches taken, that the plankton was very 
unequally distributed over the depths, the localities and 
the dates. It was clear that one net might encounter a 
swarm of some organism which a neighbouring net 
escaped, and that a sample taken on one day might be 
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very different in quantity from a sample taken under the 
same conditions next day. 

I stopped this series of observations on September 
17th. After a few days of wind a spell of quiet, calm 
weather followed, during which I took some tow-nettings 
both inside Port Erin Bay and outside, both in the day and 
at night, and all of these differed entirely in character from 
the gatherings of the previous weeks—being composed 
mainly of Chetoceros and other Diatoms. During this 
period of calms and light Easterly winds the surface of 
the sea was smooth and the water was distinctly coloured 
by the abundance of diatoms. When the weather broke 
again, at the end of September, another abrupt change 
took place, and gatherings taken at the beginning of 
October showed very few diatoms and many Copepoda. 
It is evident that if any observer had been taking 
quarterly or even monthly samples of the plankton in that 
sea-area he would have obtained very different results, 
according to the exact date of his visit. On three 
successive weeks at the end of September he might have 
found evidence for as many different far-reaching views 
as to the composition of the plankton in that part of the 
Irish Sea. How it can be supposed that hauls taken miles 
apart and repeated only at intervals of months, or even 
weeks, can give any sure foundation for calculations as to 
the population of wide sea areas, I fail to see. You must 
not suppose, however, that I fail to appreciate the 
labours of the plankton school at Kiel, or that I am at all 
hopeless as to science attaining to a more exact knowledge 
of the populations of the oceans. I consider that the 
leading idea is a good one, that the implements devised 
are very ingenious, and that the long-continued laborious 
computations of some of the German professors have been 
most praiseworthy, But I regard the method as still open 
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to serious objections, the most fundamental of which, to 
my mind, is the obvious irregularity in the distribution 
of the plankton—horizontally, vertically, and chrono- 
logically—an irregularity which must vitiate any calcula- 
tions based upon comparatively few and distant samples. 
I am distinctly of opinion that marine biologists ought 
to concentrate their efforts upon the intensive study of 
small areas before trying to estimate the contents of an 
ocean or even of a fishery district. Until we understand 
more fully the plankton of Port Erin, of Plymouth 
Sound, of the Firth of Forth, or of the Bay of Kiel, it is 
premature to attempt the North Sea or the Atlantic Ocean. 
The conclusions to which I have come do not lead me to 
be discouraged as to the ultimate success of scientific 
methods in solving what may be called world-wide 
problems, but they suggest that it might be wise to secure 
by detailed local work a firm foundation upon which to 
build, and to ascertain more accurately the representative 
value of our samples before we base conclusions upon 
them. 

I do not doubt that in Lmited, circumscribed areas 
of water, in the case of organisms that reproduce with 
great rapidity, the plankton becomes more uniformly 
distributed, and a comparatively small number of samples 
may then be fairly representative of the whole. That 1s 
probably more or less the case with fresh-water lakes; 
and I have noticed it in Port Erin Bay in the case of 
diatoms. In spring, and again in autumn, when suitable 
weather occurs, as it did this year in the last week of 
September, the diatoms may increase enormously, and 
under such circumstances they seem to be very evenly 
spread over all parts and to pervade the water at all 
depths; but that is emphatically not the case with the 
Copepoda and other constituents of the plankton. 

B 
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Since my return from Port Erin, and, in fact, since 
these notes were written in outline, I have noticed an 
interesting paper by Ove Paulsen on the Biology of 
Calanus finmarchicus in the waters round Iceland (Medd. 
Komm. Havundersog.—Plankton I., 1906), in which he 
comes to the conclusion that the shoals of herring around 
Iceland and also the Northern cod fishery depend mainly 
upon the distribution of Calanus. On account of the 
difference of his results under varying conditions of 
catching, he states that he has “discarded quantitative 
measurements or countings of the material,’ and yet he 
has given a very valuable paper, which shows, amongst 
‘other points, such a marked irregularity in the distribu- 
tion of the young and old Calanus that I fail to see how 
anyone could deduce any definite conclusions as to the. 
numbers of that organism in the sea. 

In addition to the actual or relative numbers of 
different organisms in the sea, there are many other points 
that require consideration in connection with what some 
people call the “ metabolism” of the ocean, and one of 
these points is the name metabolism. It is derived, of 
course, from the Greek ‘‘metabole” (= change), and we 
apply the term in biology to two such very different things 
as the metamorphosis of an insect, and the series of 
changes that take place in a living body intervening 
between, and connecting, the ingestion of raw food 
materials and the elimination of waste products. 

The changes of materials in the sea have no kind of 
connection with the metamorphosis of an insect, but they 
are to a limited extent analogous to the physiological 
metabolism in the living body. Nitrogenous products, 
for example, enter the sea as food stuffs, and can be traced 
in various conditions through the bodies of various 
organisms until, it may be, they leave the sea in the form 
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of a fish that has been caught. But that is only one half 
of the story—the nitrogen need not leave the sea, but 
may go on its beneficent course through a perpetual series 
of recurring cycles, which render possible the life and 
erowth of successive generations of organisms. Then, 
again, another great series of the changes in the sea which 
we wish to designate must be regarded as constantly 
circulating within the sea, from the body of an organism 
to a dead deposit, then, it may be, passing into solution, 
and once more—perhaps after intermediate stages— 
becoming part of a living body again. ‘The carbonate of 
lime in Corals, Foraminifera and Shells, and the silica in 
Sponges, Radiolaria and Diatoms is an example of such 
a series of phenomena, and cyclical change or circulation 
of matter is the English term which best expresses the 
_ facts of the case. If we must have a technical term in 
classical form I would propose “ hylokinesis’’* as being 
more comprehensive and appropriate than metabolism. 
It seems possible to obtain a good deal of interesting 
information in regard to the hylokinesis of the sea 
without attempting a numerical accuracy which is not 
yet attainable. The details of measurement and com- 
putation become useless, and the exact figures are non- 
significant, if the hauls upon which they are based are not 
really comparable with one another and the samples 
obtained are not adequately representative of nature. 


I wish now in a third, and concluding, section of this 
address to bring before you a problem in geographical 
distribution in which I have lately been much interested. 
In bringing to a conclusion my Report upon the Cevlon 
Pearl Fisheries I had to summarise the  faunistic 
relations of the Gulf of Manaar, and it naturally occurred 


* Kindly suggested to me by my colleague Prof. H. A. Strong 
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to me to, institute a comparison between the animals of 
Ceylon and those of the Maldive archipelago recently 
explored by Mr. Stanley Gardiner. Ceylon is geologi- 
cally and zoologically a part of the continent of India, 
while the Maldives are usually supposed to be a group of 
Oceanic Coral Islands. A comparison between a shallow 
water Continental Coast fauna and that of a group of 
Oceanic Coral Islands only, on the average, some 400 miles 
apart, in the same latitudes and the same sea, but 
separated by deep water, ought to be instructive. In 
comparing the numbers of animals in the chief groups 
from the two regions there are marked differences, some of 
which seem susceptible of explanation. A group of 
Oceanic Coral Islands must clearly have been populated 
from some of the surrounding older continental coasts, 
and the nearest of these to the Maldives are Ceylon and 
the southern end of India, some three to five hundred miles 
distant. There are two dominant factors that naturally 
play an important part in determining which animals from 
the neighbouring continent will form part of the new 
population, viz.:—(1) the means of transport possessed by 
the animals either in the adult or the larval condition, 
and (2) whether or not the conditions existing on the 
island are sufficiently favourable to the migrating animal 
on its arrival either as an adult or a larva. 

Looking at the lists which are given in my Ceylon 
Report (Vol. V., p. 436) we find that the total number of 
animals is much greater in the recorded Ceylon fauna 
than in that of the Maldives, but that in certain groups— 
the Meduse, Actinozoa, Gephyrea, Cirripedia and Macrura 
—the Maldivian numbers are the greater; while in other 
groups—such as Hydroida, Alcyonaria, Kchinodermata, 
Platyelmia, Copepoda, Amphipoda, Isopoda and Mollusca 
—the Ceylon list markedly predominates. 
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Oceanic or pelagic groups, as would be expected, 
and coastal animals of active habit, possessing the 
necessary means of transport in the adult condition, are 
well represented in the Maldive fauna. For example, 
Fishes, Medusz and Chaetognatha are all fairly abundant. 
The Cirripedia also, some of which are almost cosmo- 
_ politan in their distribution on the high seas, are more 
numerous than in Ceylon. The Copepoda might be 
expected to bulk larger than they do. The pelagic and 
more active forms are, however, present, and the 
deficiency is in the bottom-living species, many of which 
are associated with Sponges, Tunicates and other fixed 
colonies which are probably much more abundant at 
Ceylon than in the Maldives. The high number in the 
case of Actinozoa is due to species of Madreporaria which 
are, of course, abundant in a coral archipelago, and the 
species of which were especially studied by Mr. Stanley 
Gardiner. In the case of Macrura, the 79 species include 
76 Alpheide, and the species of Alpheus, being closely 
associated in habitat with corals, would naturally be 
obtained in abundance amongst the reefs. 

Turning to the other groups of animals which are 
more abundant at Ceylon, we find that it is the fixed and 
the more or less sedentary, bottom-living forms that are 
poorly represented in the Maldivian fauna, e.g., Hydroida, 
Aleyonaria, Echinodermata and Mollusea. I should expect 
this to apply also to Sponges, Polyzoa and Tunicata, but 
these Maldivian groups have not yet been reported on. 
Most of these groups are dependent for dispersal upon 
minute, feeble and short-lived embryos or larvae, to which 
400 miles of open sea may be a formidable obstacle. 

In marked contrast to some of these groups there is the 
ease of the Brachyura, where the numbers in the two 
faunas (Maldives 184 and Ceylon 208) are not very 
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different. The probable explanation is that the larvae of the 
crabs are powerful, locomotory, comparatively long-lived 
animals, which are frequently taken in the tow-net in the 
open sea, and are therefore much better fitted to survive 
the journey from the continental coast.* The most feebly 
represented of Crustacean groups are the Amphipoda and 
Isopoda, and I would suggest that the explanation is to 
be found in the unsuitability of their young stages for 
distribution to oceanic islands. Those that do cross in 
safety are probably carried accidentally on larger objects. 
It may conceivably be easier for a shallow water species, 
which neither in the adult nor larval life is adapted to a 
prolonged pelagic existence, to spread in the course of 
ages from India to Australia along the stepping-stones 
of Malaysia than to cross the stretch of open sea from 
Ceylon to the Maldives. 

It must be remembered, however, that Mr. 
Stanley Gardiner has suggested that the Maldive 
Coral Islands have grown up from a platform of 
continental rock—part of the ancient land connection 
which in the Secondary period is supposed to have crossed 
the Indian Ocean from Ceylon to Madagascar, and which 
in the early Tertiaries may have been reduced to a chain 
of large islands. If that view is correct the interesting 
question arises—Must we conclude that the considerable 
number of bottom-living animals that are now common 
to Ceylon and the Maldives have been carried across the 
400 miles of deep sea either in the adult or the larval 
condition since the coral archipelago was formed, or is 
it possible that any of them have continued to live on the 
Maldive plateau since the time (say in the early Hocene 
period) when it was last connected with the continent of 
India? This is one of the Oceanographic problems in the 
+ See also, Stanley Gardiner, Annals and Mag. Nat. Hist., for Dec., 1904. 
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solution of which the Zoologist and the Geologist join 
hands—and fortunately we have both in this Biological 
Society. It is a matter, moreover, upon which we are 
likely soon to have further information, as Mr. Stanley 
Gardiner has recently returned from his great exploring 
expedition from Ceylon down to the Seychelles, under the 
auspices of the Percy-Sladen Trust, and will doubtless in 
his forthcoming Reports, to be published by the Linnean 
Society, throw a flood of welcome light upon the present 
condition and past history of the bed of the Indian Ocean. 


In this address I have endeavoured to lay before the 
Society two examples of modern problems of the sea 
which are, I think, eminently discussable; which will, I 
am sure, have to be still further discussed in the immediate 
future; and which, as they deal with wide general 
questions of nature, I hoped might prove of interest to all 
sections of naturalists in this Society. 
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THE 
MARINE BIOLOGICAL STATION AT PORT ERIN, 
BEING THE 
TWENTIETH ANNUAL REPORT 
OF THE 


LIVERPOOL MARINE BIOLOGY COMMITTEE. 


As I have been able to devote a good deal of time to the 
affairs of the Biological Station this year, I now revert 
to the former plan of the Report in which Mr. Chadwick’s 
contribution appears under the heading ‘‘Curator’s 
Report”; but I am, as usual, indebted to him, or to his 
weekly reports for much of the information given under 
“The Station Record” and “ The Aquarium.” 

Workers at our Biological Station have frequently 
had occasion in the past to deplore the absence of a small 
dredging steamer from the equipment for research at Port 
Erin. As I proposed to spend the greater part of the 
summer vacation in work at the Station this year, it 
seemed a favourable opportunity to test the advantages 
of having a boat suitable for dredging outside the bay. 
The steam-yacht “Madge” was chartered privately for 
two months, and was kept very fully employed during 
most of the time. I think it may be said that the 
experiment was a thorough success, not only from the 
point of view of my own special work, but also as an 
advantage to all others working at the Station. My main 
object in the work from the steamer was to test the 


catching power of various surface and deep-water silk nets 


¢ bd 


with the view of estimating the value of the “ samples ’ 
of the microscopic life of the sea obtained by such means, 
and I shall reprint as an appendix to this Report a paper 


giving the details of our observations which I had occasion 
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to draw up lately for the Biological Society. (See p. 1). 
But in addition {o this special work a good deal of general 
collecting was carried on for the benefit of the Biological 
Station. The advantage of having a handy little steamer 
available for trawling, dredging, or tow-netting around 
Port Erin is now undoubted, and it is unfortunate that 
the finances of the Station do not permit of the L.M.B.C. 
having such a boat employed permanently. 


mantle \ 


a8 


Fic. I.—Mytilus edulis, from Aquarium Guide. 


The continued success of the Aquarium, and the 
marked increase in the number of visitors, is most 
eratifying. An institution where over fifteen thousand 
summer visitors are shown a number of the most 
interesting of our common sea-side animals and plants in 
a living condition amidst natural surroundings, with 
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labels, pictures and other information, must, surely, be 
doing something to encourage nature-study and to foster 
an appreciation of biology. About a thousand copies of the 
new edition of the “ Guide to the Aquarium,” which was 
drawn up and issued with the last Annual Report, have 
been sold at 3d. during the present summer. This 
enlarged edition of the “ Guide” is a booklet of about 80 
pages and over 40 illustrations. Copies, at 3d. each 
(post free 44d.), can always be obtained by writing to 
Mr. Chadwick, at Port Erin. | 


THE Station REcoRD. 
About twenty naturalists and students have occupied 
our Laboratories for periods of from one to eight weeks 
each during the year, as follows : — 


DATE. NAME. WoRK. 
Dec. 26th, 1905, Histology of 
to Mr. 1. Southwell; ASR:C.S: <....- Calecareous 

Jan. dth, 1906 Sponges. 


Dec. sae 1905, 


| Pvt. Elon diman cheeks ees eet of 


Jan. cen 1906 
January 31st 


Mr. Nils Hagman  ..ic.c....+.....0. 


Gases of Air-bladder 
of Fishes. 


to 
February 6th 


March 27th Bloodease f 
ystem o 
to Woe, dis [teensy WS @stascoseaneacds ; 
April 11th | Cancer pagurus. 
March 80th 


to Miss A. ISQvOVE .....ccdecceerensersceees General. 
April 19th 
March 30th 
to Miss M. Kershaw......ccocccsccsssevens Marine Alge. 
April 19th 
) 


bryology of 
April 2nd Himpe ye oerae 


Plaice and 

to Mr. W. ap IDPikdaaty Iisa Sond Accoru physiology of 

April 19th Penton 
April 5th 

to Mr. W. Gunn ..... eer deer one re tas Genera 

April 19th 
April 7th 

Prof.. Hierdriai aeneetecneasessaweneenes Tunicata. 


to 
April 27th 
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DATE. NAME. WoRK. 
NO Ae MEH? Roat ) Digestion of 
eee eereseoeeeeeeeese ese eee Inver tebrata. 
va ul 23rd 
April a 
Miss Ni ul oly cahoale Naty RearmeMnonne ace eer: General. 
April 23rd 
April pee 
IMCS 18 Ie yal aN Angee Roeeiin amencn He aneptae General. 
Hert 21st 
April 17th 
to IMGs (Que biall letra: BAasocerudcoccosmesnandaes General. 
April 21st J 
April aoe 
ULISS) dICIONWEN Sse SobansoodoumoosBacoubosoe ene General. 
ee ul 21st 
April ee 
SSE Shiatwelll octescs octaddsecatescsacsinses General. 
ees 24th 
AINE a )R Pe Neeel Spo LOAt ninon sonteanatssceek ea Photography of 
May 4th Oo Als 186 biel aelllens coackenpp canoes Marine animals. 
June is 
ABOU MEL OL CIMA jac ncwe. sec smnc oseceee ores Official. 


ee bth 


es 
aes 
ie 0) 
a 
| 


Regeneration in 
Mr. Arnold T. Watson, F.L.S. .. Polycheete 
ae 11th Worms. 
July ae 
TROL ELCLOMNAM c/a cco en cesses ces Tunicata. 
Sent. 17th 
July eee 
Wire Wied. Dakin. BiServc..cme.ss. Anatomy of Pecten. 
ae 1th 
August pele 
Vie Weed Gua Ne vn docinac ee deen ei seanine wieeisis General. 
Sent. 11th 
Sept. 20th 
to ee eDew die, ©?Conmell ci csscescetesns ses Actiniaria. 
Oct. 9th 


The “Tables’’ in the laboratory were occupied as 
follows :— 


Liverpool University Table :— 


Professor Herdman. Miss W. Herdman. 
Mr. J. Pearson, M.Sc. Miss Hartley. 
Mr. W. J. Dakin, B.Sc. Miss Quinlan. 
Dr. Koaf. Miss Jeffreys. 


Mr. W. Gunn. Miss Shatwell. 
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LIwwerpool Marine Biology Committee Table ;— 


Mr. T. Southwell, A.R.C.S. Rev. T. 8S. Lea. 
Mr. Nils Hagman. Rev. A. F. Mitchell. 
Mr. Arnold T. Watson, F.L.S. Dr. J. H. O’Connell. 


Manchester University Table ;— 


Miss A. Isgrove. Miss M. Kershaw. 
Isle of Man Natural History Society Table ;— 
Mr. P. M. C. Kermode. Mr. Wilkins. 


In addition, Mr. Robert Okell, F.L.S., Secretary to 
the Manx Fishery Board, paid frequent official visits to 
the Biological Station. 


CuURATOR’S REPORT. 


I take the following paragraphs almost verbatim 
from the detailed report furnished to me by Mr. H. C. 
Chadwick : — 

In addition to a good deal of general work done by 
the undergraduates of the Universities of Liverpool and 
Manchester, several important lines of original research 
were pursued by other more advanced workers. During 
the Christmas vacation Mr. Southwell, then of the Royal 
College ‘of Science, carried on some research on the 
histology of the Calcareous Sponges. He was followed 
at the end of January by Mr. Nils Hagman, of the 
University of Helsingfors, who resumed some researches 
on the gases of the air-bladder of Fishes upon 
which he had previously been engaged at Bergen. 
Next in point of time came Mr. Pearson, who devoted 
a fortnight to the study of the blood system of the 
edible crab. Later, in the Easter vacation, Mr. Dakin 
devoted himself to the embryology of the plaice, and some 
preliminary work on the anatomy and physiology of 
Pecten maaimus, while Dr. Roaf conducted some research 
on the digestive ferments of some typical marine animals. 
By no means the least interesting of the year’s researches 
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was that conducted in June by Mr. Arnold Watson on 
regeneration in Polychete worms, a line of research which 


will probably lead to results of considerable interest. 
The library has been enriched during the year by 

donations of books from Mr. Robert Okell, F.L.S., and 

Mr. Frank Crisp, F.L.S., as well as by the purchase of 


Fie. I11.—Some Polychaete Worms. 


several newly published volumes. ‘There is, however, 
plenty of room on the shelves for a number of important 
works, the presentation of which would lay under 
obligation the present as well as succeeding generations 
of students. 
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A good deal of faunistic work has been done by 
students, and a considerable proportion of the Curator’s 
time has been devoted to the collection and preservation 
of material for class and research purposes, amongst 
which may be specially mentioned several large series of 
embryos of Doris tuberculata for Sir C. Ehot. Two of these 
were preserved from ribbons of spawn deposited in one of 
the Aquarium tanks, so that it was possible to accurately 
determine the age of the embryos from day to day. 


Fie. I1l.—Doris tuberculata and other Nudibranchs. 


The additions made to the list of species recorded 
from the Irish Sea include the Gymnoblastic Hydroid 
found growing upon the carapace of the spiny lobster, 
Palinurus vulgaris, and upon the walls of the Aquarium 
tank in which it lived; the Actiniarian Ydwardsia carnea, 
a number of which were found upon a much worn 
fragment of limestone which became entangled upon a 
fisherman’s long line and was so hauled up from the sea- 
bottom; and the Gephyrean worm Sipunculus bernhardus 
of Forbes, several specimens of which were found 
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inhabiting some dead shells of Dentalewm dredged by 
Professor Herdman. Miss A. Isgrove found a single 
specimen of another Gephyrean, Phascolosoma vulgare, 
which had not previously been recorded from Port Hrin 
Bay. Mr. Dakin added Gobius paganellus to our list of 
Fishes. 

Several large parties of girls and boys from the local 
elementary schools have paid visits to the Station under 
the guidance of their teachers, and were addressed on 
each occasion by the Curator. 

On April 18th a lecture on the Pearl Fisheries and 

Ancient Temples of Ceylon was given by Professor 
- Herdman, and was much appreciated by a good audience 
of local residents. The lecture was repeated on the 20th 
for the benefit of the local fishermen, who also attended in 
large numbers. ) 
THe AQUARIUM. 

Over 15,000 visitors paid for admission to the 
Aquarium during the year. This number represents an 
increase of about 1,700 upon last year’s total, and raises 
the total number of visitors admitted during the past four 
years to over 50,000. The largest attendance on one day 
was on August 16th, when 643 persons were admitted. 
The interest of the visitors has been greatly enhanced by 
the new edition of the Guide to the Aquarium, of which 
over 900 copies have been sold, making with the last 100 
of the first edition, a total of over 1,000. This number 
represents a substantial increase upon the sales of any 
previous year, but it does not indicate the extent to which 
the Guide has been used, for we had evidence almost every 
day that copies had been lent by visitors to their friends, 
and that a preliminary perusal of their pages had 
stimulated the interest of many who had not before visited 
the Aquarium. 
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Amongst the many marine animals exhibited in the 
tanks the Octopus of tthe Irish Sea, Hledone cirrosa (see 
fig. 4), has maintained an easy first place in the estimation 
of the visitors. We were fortunate enough to obtain a 
good supply of this Cephalopod in the early spring, and 
the tank in which they lived always had its semi-circle of 
interested visitors. 


Fic. TV.—Our local ‘‘ Octopus.’’ 


Next in point of interest came a number of young 
plaice, hatched on April 25th, and exhibited in a large 
dish alongside the series of table tanks. An explanatory 
label, bearing a sketch of the larva at the time of hatching, 
was appended, and led to the diffusion of a large amount 
of information upon the rate of growth and habits of this 
important food fish amongst many hundreds of visitors. 
I found a widely prevalent impression that the rate of 
growth of fishes is much more rapid than it really is, and 
many people expressed great astonishment on being told 
that a plaice takes at least two to three years to attain a 
size fit for tHe table. 

The Aquarium tanks have been maintained in good 
condition throughout the year, and few of the specimens 
exhibited therein have died from what may, perhaps, be 
called natural causes. 

The majority of our losses have been the result of 
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suspension of the circulation in one or more tanks owing 
to the growth, in the supply pipes, of living organisms, 
‘notably the tube-building Polychete worm Sabella 
pavonia and the compound Tunicate Botryllus smaragdus. 
A large specimen of the former, inhabiting a tube nine 
inches long, was found obstructing the flow on one 
occasion, and a colony of the latter was in the same way 
responsible for the death of half-a-dozen sea bream. It 
is worthy of note that the colour in the case of both these 
organisms was not affected by the absolute darkness in 
which they had lived for so long a time. I examined 
both closely, and was not able to appreciate any difference 
betweev them and others of the same species living in the 
light. 

_ Amongst the organisms which have appeared spon- 
taneously in the tanks is a colony of the Monaxonid 
sponge falichondria panicea, which has gradually 
attained large dimensions since I first noticed it quite 
early in the year. It is gradually extending itself over 
the back wall of the tank, and now measures about 16 
inches by 8 inches. In addition to the Hydroid first 
noticed on the carapace of the spiny lobsters ving in 
the tanks, and which is now being described by Miss 
Thornely, we have had extensive colonies of another 
species, Podocoryne carnea, living upon the gravel at the 
bottom of several of the tanks, and we were able to watch 
the liberation of the meduse. Multitudes of another 
medusa, identified by Mr. E. T. Browne as probably young 
Sarsia tubulosa, were seen in several of the tanks, as well 
as in the spawning pond in the spring and early 
summer, and [ am inclined to think that the parent 
Hydroid, a species of Syncoryne, is growing in quantity 
in the suction pipe through which the supply of water 
from the sea is drawn. 

@ 
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In last year’s Report I recorded an extraordinary 
illustration of the voracity of the anemone JT'ealia 
crassicornis. I now have to record another, which, from 
a Curatorial point of view, was most exasperating. One 
of the additions to the list of the fauna of the Irish Sea 
recorded last year was the somewhat rare anemone 
Aureliana augusta, of which our single specimen lived in 
vigorous health until April 5th, when it was found to have 
disappeared from the spot occupied for some months 
previously. On the attention of the Assistant Curator 
being called to the sudden disappearance he at once 
suspected a large Z’ealia which adhered to a loose stone 
a few inches from the spot so recently occupied by the 
Aureliana, and, inserting his forefinger into its mouth, 
drew out the half-digested remains of the missing rarity. 

Many years ago, when collecting on the beach at 
Beaumaris, I was fortunate enough on two occasions to 
see the Nemertine worm Lineus marinus attack and devour 
Sabella pavonia in its tube. Forgetful of this after the 
lapse of time, I placed a few specimens of that most 
beautiful of Serpulids, Serpula vermicularis, dredged by 
Professor Herdman, in one of our table tanks in which a 
LTineus had been lurking under the stones and broken 
shells for many months. A day or two later the 
Nemertine was found, true to its habit, dragging one of 
the helpless Serpulids from its tube, the large operculum 
not being sufficient to bar the entrance of the intruder. 
A specimen of Lineus marinus found under a stone on the 
beach in April measured 31 feet in length. The Polyzoon 
Pedicellina cernua has flourished in colonies of large 
extent on the side walls of three of our tanks throughout 
the year. 

The friendly assistance of several fishermen enabled 
us, in the early spring, to re-introduce to our collection 
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of fishes two species which we had not previously 
succeeded in keeping more than a short time. These were 
the Lump-sucker (Cycopterus lumpus) and the three- 
bearded Rockling (Motella tricirrata). Two young 
specimens of the former, caught in a herring-net some 
distance from land, were brought in, and one is still 
thriving in company with a number of Wrasses. The 
Rocklings have afforded us many opportunities of 
observing their extraordinary voracity in pursuit of food. 
During the day-time, at least, it is their habit to le 


Fic. V.—The Fish Hatchery. 


concealed amongst the large stones at the back of their 
tank, but the moment food, especially herring, is thrown 
into the water they leave their hiding places and boldly 
and successfully compete for it with fishes of larger size, 
such as the Pollack-whiting. We have frequently noticed 
that when in search of food on the bottom of the tank the 
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fish frequently touches the gravel with the tip of the 
single barbel borne by the lower jaw in much the same 
way as a dog will follow a trail of scent. 

Passing now to the work of the fish hatchery, I may 
say that nearly five and a half millions of plaice fry were 
hatched from March 14th to May 18th inclusive. Of this 
number nearly four millions were liberated in the open 
sea, about half the remainder being transferred from our 
hatching boxes to the marine lake on the Mooragh at 
Ramsey, and the other half to the western portion of our 
spawning pond, which had been cleansed and reserved for 
their reception. 


Fic. VI.—The Spawning Ponds. 


We have, as yet, no information as to the result of the 
first of these experiments; that of the second is curious 
and, in one respect, quite unexpected, for, in spite of 
abundance of pure water and fceod, there has been 
considerable mortality amongst the fry, and a remarkable 
variation in their size when examined and measured on 
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October 3rd—162 days after they were hatched. ‘Twelve 
taken at random varied in length from 1} inch to 23 
inches, the average length being 13? inch. The same 
number taken from the eastern portion of the pond, the 
exact age of which is not known, showed much greater 
uniformity in size, and their average length was 33 inches. 
These young fish had apparently thriven better in 
association with about 250 adults than those in the other 
portion of the pond, where there were no organisms of 
larger size to compete with them for the great swarms of 
Copepoda and other organisms upon which they were seen 
to feed. 
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The first fertilized eggs were seen in the pond on 
February 13th, and a small number were placed in one 
of the hatching boxes two days later. Thenceforward 
the numbers increased almost daily until April 2nd, 
when the maximum number of 511,000 was obtained. 
The last fertilized eggs were collected on May Ist, 
bringing the total to 6,072,600, and the total number of 
larvee hatched during the season was 5,431,500. This 
was an increase of 335,000 compared with the total of the 
season of 1905; but, inasmuch as the number of spawners 
was smaller than that of the previous year (275 against 
319 in 1905), the figures given do not indicate the full 
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measure of our success. The loss in working, this year, 
has been very small—a little over half-a-million in over 
six million eggs, being about 10°5 per cent. 

The numbers of eggs collected and of larve set free 
during the season were as follows: 
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641,100 Loss of a little over half a million. 
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FurtHer Favunistic Nores. 


Mr. Andrew Scott, A.L.S., of the Lancashire Marine 
Laboratory at Piel, in the Barrow Channel, has sent me 
his usual report upon additions to our knowledge 
of the fauna of the district, as follows : — 


A short account of the swimming habit of the 
common lug-worm was given in the last annual Report. 
Further evidence in support of Mr. Chadwick’s observa- 
tion was obtained at Piel in the spring of the present 
year. On several occasions Mr. Johnstone and I saw as 
many as a dozen of these worms swimming about in one 
of the fish tanks. Some experiments were then made to 
find out if the habit was an accidental one, or due to 
unusual conditions. Freshly dug worms were tried, but 
they made no attempt to swim when thrown in, or even 
after the lapse of several minutes. Others that had been 
left in a shallow tank for a day or two, where there was 
no sand on the bottom, were next used. These gave the 
best results. When first thrown in, the worms gradually 
dropped to the bottom of the tank. On reaching the 
bottom a number at once commenced to swim in the 
manner described by Mr. Chadwick, and soon reached the 
surface, where they remained for a short period. They 
eventually returned to the bottom and a few repeated the 
movements again. After a time the worms, either due to 
exhaustion or having become more accustomed to the new 
conditions of pressure, abandoned their swimming and 
became quiescent. I have sometimes seen large Nereis 
swimming about in the shallow water during low tides in 
Barrow Channel, but this is the first time I have witnessed 
Arenicola swim. 

The following additions have been made to the fauna 
of the Irish Sea since the last Annual Report :— 
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Leptocephalus morris, a perfect specimen of the tape- 


b 


worm form of the “ Leptocephalus” stage of the conger 
eel, was found by a local fisherman. ‘The fish was 
discovered in a small pool between tide marks on the 
Kast side of Foulney Island, near Barrow. It was alive 
when captured, but as the man had no means of keeping 
it alive he brought it to me dead. The fish was like a 
strip of softened gelatine, and so thin and transparent 
that it was possible to read ordinary print through it. 

The eggs of mackerel, long rough dab and variegated 
sole have been taken in various tow-nettings during the 
year. They have never previously been detected in the 
area, although the adult fish are not uncommon. The 
eggs of the anchovy were found in tow-nettings from 
Aberdovey in June and July. Ten years ago, the late 
R. L. Ascroft found them off Lytham, which was the 
first record of their occurrence in British seas. 

Eurydice spinigera, H. J. Hansen, five specimens of 
this isopod were taken in a surface tow-netting in Red 
Wharf Bay on September 7th, and one near New Quay 
Head on October 7th, 1906. 

Eurydice inermis, H. J. Hansen, one specimen was 
captured by the surface tow-net during the cruise of the 
s.y. “Madge,” two miles West of Bradda Head, on 
September 8th. 

Dajus mysidis, Kroyer, one female of this parasitic 
isopod was found in the incubatory pouch of a Myszs 
ornatus taken in a bottom tow-netting, in the vicinity of 
the Liverpool North-West Light Ship on January 31st, 
1906. A large number of J/yszs were captured, but only 
one had a parasite. 

Asterope marie (Baird), one specimen of this ostracod 
was found in a surface tow-netting taken late at night in 
Port Erin Bay on September 26th, 1906. 
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Caligus zeit, Norman and T. Scott, several specimens 
of this copepod parasite were found attached to the skin 
of a “John Dory ” taken in the trawl of the “ John Fell ”’ 
while fishing off New Quay Head, on June 16th, 1906. 
The only other known specimens of this parasite were 
taken forty years ago. 

Lerneenicus encrasicolt (Turton), another copepod 
parasite.. A large catch of sprats were taken off Blackpool 
by the “ John Fell” on February 19th, 1906, and part of 
it was landed at Piel. On going over the fish carefully, 
one sprat with two parasites attached, and another with 
one, were found. The parasites were embedded in the 
tissues at the anterior end of the dorsal fin. On dissecting 
one out, it was found that the head Hee penetrated to the 
visceral cavity. 

Spheronella paradova, H. J. Hansen, one specimen 
of this curious little parasite, belonging to the Chonios- 
tomatidae, was found in the incubatory pouch of the 
amphipod Bathyporeca pelagica, taken in a bottom tow- 
netting near Conway, on February 5th, 1906. Represen- 
tatives of the family are not uncommon on the East coast 
of Scotland, but this is the first member taken in the 
Irish Sea. 


Bro-CHEMIcCAL WoRK. 


During the Easter vacation Dr. H. E. Roaf continued 
his experimental work commenced with Professor Moore 
the previous year. His object was to study the bio- 
chemistry of the digestive processes in higher invertebrata, 
and the animals made use of were Cancer pagurus, 
Carcinus moenas, Patella vulgata, Fusus antiquus, Purpura 
lapillus and Littorina littorea. In all these Crustacea and 
Molluses proteolytic, amylolytic and inverting ferments 
were found, as well as a ferment which hydrolysed methyl 
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acetate but had no appreciable action on olive oil. In 
the Crustacea 1t was found that the proteolytic action was 
more marked in an alkaline medium; while in the 
Mollusca it only took place in an acid reaction. In 
addition, a preliminary chemical examination of the 
glands was made. The results are published in the 
‘ Bio-Chemical Journal” (Voi. I., p. 390, 1906). 


L.M.B.C. Mermorrs. 


After an interval of rest, a-period of activity 1s now 
beginning again in the production of Memoirs. The last 
Memoir recorded in these Reports was No. XII, 


1 Idothea baltica. 2. Astacilla longicornis 3 Ligia oceanica. 


Fie. VIII.—Ligia, and other Isopods. 


“Gammarus,” by Miss Cussans, issued in 1904. No. 
XIII., “ Anurida,” the very primitive and interesting 
marine insect, by Mr. A. D. Imms, was published this 
autumn; No. XIV., “ Ligia,” the large shore Isopod, by 
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Mr. C. Gordon Hewitt, is now all in type, and will 
probably be out before the end of the year; ‘“ Antedon,”’ 
the rosy feather-star, by Mr. Chadwick, is nearly com- 
pleted; “Cancer,” the edible crab, by Mr. Pearson; 
“Pecten,” the scallop, by Mr. Dakin; and “ Doris,” 
the sea-lemon, by Sir Charles Hhot, are all far advanced. 
This unusual amount of excellent material, which the 
Committee is happy to be able to issue to the scientific 
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Fic. IX.—The Rosy Feather-star—Adult and young. 


world, is, however, embarrassing from the point of view 
of expense. Lithographic plates, such as these Memoirs 
require, seem to become more costly, and with the growing 
elaboration of the subject more detailed illustration is 
necessary. The Committee are therefore very grateful 
to Sir John Brunner for a welcome donation of £50 which 
he has kindly sent to the Treasurer, to meet the expenses 
of plates for several of the above-mentioned Memoirs. 


a4 
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The following shows a list of the Memoirs already 
published or arranged for : — 


Memoir I. 
el. 
. Ecuinus, H. C. Chadwick, 36 pp., 5 Pls., 2s. 
. Coptum, R. J. H. Gibson and Helen Auld, 


Ascipia, W. A. Herdman, 60 pp., 5 Pls., 2s. 
Carpium, J. Johnstone, 92 pp., 7 Pls., 2s. 6d. 


20 pps ok ise lissod: 


. Axcyonrum, 8. J. Hickson, 30 pp., 3 Pls., 1s. 6d. 
. LEPEOPHTHEIRUS AND LERN A, Andrew Scott, 


62 pp. 0 LIser2s: 


. Lineus, R. C. Punnett, 40 pp., 4 Pls.; 2s. 


Praice, F. J. Cole and J. Johnstone, 260 pp., 
EPS ase 


. Coonprvs, O. V. Darbishire, 50 pp., 7 Pls., 


2s. 6d. 
PaTELLA, J. R. A. Davis and H. J. Fleure, 
84 pp., 4 Pls., 2s. 6d. 


. ARENIcoLA, J. H. Ashworth, 126 pp., 8 Pls., 


As. 6d. 


. Gammarus, M. Cussans, 50 pp., 4 Pls., 2s. 
. Anuripa, A. D. Imms, 107 pp., 8 Pls., 4s. 6d. 
. Ligeia, C. G. Hewitt. 


AntTEepon, H. C. Chadwick. 
Cyctoporus, F. F. Laidlaw. 

Cancer, J. Pearson. 

Prcten, W. J. Dakin. 

Oyster, W. A. Herdman and J. T. Jenkirs. 
Ostracop (CYTHERE), Andrew Scott. 
Doris, Sir Charles Eliot. 
Buccinum, W. B. Randles. 

Bueuta, Laura R. Thornely. 
ZostERA, R. J. Harvey Gibson. 
HimantHatia, F. J. Lewis. 

Fucus, J. B. Farmer. 
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BotryLuorEes, W. A. Herdman. 
Cutrie-Fisu (HLeponE), W. E. Hoyle. 
Actinia, J. A. Clubb. 

HaticHonpria and Sycon, A. Dendy. 
Hyproip, E. T. Browne. 


In addition to these, other Memoirs will be arranged 
for, on suitable types, such as Sagitta, Pontobdella, a 
Cestode and a Pycnogonid. 


We append to this Report :— 
(A) Mr. Andrew Scott’s Notes on the results of these same 
investigations ; 
(B) The usual Statement as to the constitution of the 
L.M.B.C., and the Laboratory Regulations ; 


(C) The Hon. Treasurer’s Report, List of Subscribers, 
and Balance Sheet. 


Front Elevation of Biological Station. 
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APPENDIX A. 


Notes on SPECIAL PLANKTON INVESTIGATIONS. _ 
By ANpDREW Scott, A.L.S. 


In addition to the tow-nettings from Port Erin Bay 
taken at intervals by Mr. Chadwick, an interesting series 
of special samples of the plankton was made by Professor 
Herdman from the s.y. “ Madge,” between July 22nd and 
September 17th. This series was collected by various 
kinds of nets simultaneously, at depths from zero to 
twenty fathoms, between Jurby Point and the Calf of 
Man, and was represented by 74 gatherings. It is only 
proposed to give a few of the more striking results here, 
as a detailed account will be presented later to the 
Biological Society. It might be mentioned, in passing, 
that the nets comprised ordinary tow-nets, old and new, 
worked side by side, a small Apstein net used at the 
surface, a Hensen-Petersen self-closing net towed at a 
depth of 5 to 7 fathoms and then closed before being 
drawn to the surface, and a weighted ordinary tow-net 
worked at a depth varying from 5 to 15 fathoms. 

On measuring and examining the material, it was 
found that, although the gatherings were taken in equal 
periods of time, in a very limited sea-area, there was no 
uniformity either in quantity or kind of organisms 
captured. Some days the surface net contained a larger 
quantity of material than the deep one, and on other 
days there was more in the deep net than in the surface 
one. The old surface net which had been used many 
times previous to this special work appeared to fish better 
than the new one, which had not been used before. The 
Apstein net invariably captured fewer organisms than 


the ordinary net. 
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Working N. of the Calf Island, the surface net 
captured 5 c.c. of organisms on the 9th of August, 1 c.c. 
on the 10th, 8 c.c. on the 13th, and 34 c.c. on the 14th. 
The organisms represented on the 9th were Ceratium 
tripos, Sagitta, Autolytus, Zoea and Megalopa of crabs, 
“Mysis””’ stage of Crangon, Ovkopleura, Calanus, Pseudo- 


Fic. I[X.—A general gathering of Plankton, or floating organisms 
caught in the tow-net; 9 is Temora, and 12 Pseudocalanus (both x 10). 


calanus, Paracalanus, <Acartia clausi, Anomalocera, 
Orthona similis, Copepod nauplii, and fish (Rockling) eggs. 
On the 10th Auéolytus, Zoea and Megalopa, Anomalocera 
Orthona, and fish eggs were absent, but Medusoid 
gonophores, Centropages hamatus, and T'emora were 
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present. The collection taken on the 13th was similar to 
the one on the 10th, except that Medusoids were replaced 
by Pleurobrachia; Pseudocalanus was absent and the 
diatom Chetoceros was present. The gathering taken on 
the 14th resembled that of the 9th, with the exception 
that the Copepoda were reduced to two species (Ozthona 
and Acartza) and three kinds of fish eggs in place of one. 
The constituents of the under-surface collections taken at 
the same place, on the above mentioned dates, differed in 
variety from each other, and also from the surface 
collections, besides differing to some extent in quantity. 


Fic. X.—Crab Zoea and Megalopa (enlarged). 


On the 9th, the collection (5 to 7 fathoms) consisted of 
1 c.c. of organisms, and contained Chetoceros, Ceratvum 
tripos, Medusoid gonophores, Sagitta, Tomopteris, Crab 
Zoea, Podon, Pseudocalanus, Temora, Isias, Acartra, 
Oithona, Copepod nauphi, Ockopleura, and Rockling eggs. 
The organisms present at the surface but absent from the 
lower water were Autolytus, Crab Megalopa, “ Mysis”’ 
stage of Crangon, Calanus, and Anomalocera. The collec- 
tion taken on the 10th (5 to 7 fathoms) was the same in 
bulk as the surface one, and differed very httle from it; 
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two organisms present at the surface (Medusoid 
gonophores and Centropages) were absent and their places 
were taken by Autolytus and Crab Megalopa. The deep 
water (10 fathoms), on the 13th, had apparently more 
abundant life than the surface of the same date. The 
quantity taken measured 32 c.c., and was rich in Cope- 
poda. Centropages and Oithona were entirely absent from 
the deep collection; the latter was very abundant at the 
surface; Pseudocalanus was tolerably common at 
10 fathoms but not represented at the surface; Chetoceros, 
— Ceratium tripos and C. furca, Pleurobrachia and Autolytus 
were absent at 10 fathoms, but Crab Zoea, Podon, Evadne, 
and Rockling eggs were present. The quantity taken by 
the deep net on the 14th measured 40 c.c., and was again 
rich in Copepoda, the genera present being Calanus, 
~ Pseudocalanus, Temora, Centropages, and Acartia. 
Orthona, although very plentiful at the surface, was not 
represented in the deep collection. This is rather 
interesting ; on two consecutive days Outhona appeared to 
be confined to the surface layer of the sea-water, while 
collections taken a week later in the same place showed 
that it was present all through the water, from surface to 
bottom. Chetoceros, Ceratium, Megalopa and fish eggs, 
which were noted at the surface, were absent from the 
deeper water, their places to some extent being taken by 
Tomopteris, Crab Zoea, and Evadne. 

Collections taken off Niarbyl, on August 27th and 
28th, showed variation in quantity and in constituents. 
The amount of plankton taken at the surface on the 27th 
was 11 c.c., and on the 28th 3 c.c. The contents of the 
deep net (10 to 15 fathoms) on the 27th measured 5,.c.c., 
and at 10 fathoms, on the 28th, 2 ¢.c. The Hensen net, 
towed at 5 to 7 fathoms on the 27th, yielded 81 c.c. Four 
organisms (Megalopa, Pseudocalanus, Anomalocera, and 


D 
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Parapontella), although present at the surface on the 
2ith, were absent on the following day. On the other 
hand, Crab Zoea, Hvadne, and two kinds of fish eggs, 
noted on the 28th, were absent on the previous day. The 
deep gatherings differed from each other and also 
from the surface. On the 27th, Biddulphia, Sagitta, 
Tomopteris, Crab Zoea, and Centropages, were present in 
the deep net, but not at the surface. On the following 
day, when a smaller bulk of material was taken, 
Biddulphia, Ceratium, Medusoid gonophores, T'omopteris, 
and Podon, all present the day before, had disappeared. 
On the 28th, hauls taken a few miles to the North, off 
Jurby, differed greatly in quantity from those off Niarby]l, 
the surface net having 13 c.c. and that at 10 fathoms 9 ec. 

On September 11th and 12th the water close under 
the East side of the Calf Island was investigated by means 
of old and new surface nets, Apstein net, Hensen net, 
and weighted ordinary tow-net. On the first date the old 
surface net captured 8 c.c. and the new one 5 c.c. of 
organisms. On the following day the old net contained 
14 c.c. and-the new one 2 c.c. of plankton. The Hensen 
net, worked at 5 to 7 fathoms, collected 24 c.c. each day. 
The deep net, at 10 fathoms, took 15 c.c. on the 11th and 
only 6 ¢.c. on the 12th. The old and new nets working 
side by side on the 11th did not capture exactly the same 
kind of organisms. The old net contained Autolytus, 
Crab Zoea and Megalopa, and Jdotea, not represented in 
the new net; on the other hand, the new net captured 
Coscinodiscus, Biddulphia, Ceratium, and Pseudocalanus, 
which were not taken in the old net. The organisms 
taken by these nets on the following day were almost 
identical, the only difference being Calanus present in the 
old net but not in the new one. Seven species of Copepoda 
were noted in the surface gathering on the 11th 
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September, and only four species in the deep collection. 
On the 12th, eight species of Copepoda were present at 
the surface and five species at 10 fathoms. Copepoda 
were the chief constituent in the majority of the collec- 
tions taken during the cruises of the “ Madge” up to 
September 17th, when this special work came to an end. 
A week later Professor Herdman returned to Port Erin for 


Fic, XI.—Protozoa and Diatoms (highly magnified). 
1-3, Ceratium; 5, Nootiluca ; 8-11, Diatoms. 


a short visit, and during that time took six surface tow- 
nettings from a rowing boat on three consecutive days— 
September 25th to 27th. Four of the collections were 
made in Port Erin Bay, one in Bay Fine, on the way to 
Calf Island, and one in the open sea off Bradda Head. 
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The amount of material collected varied from 16 c.c. 
to 28 cc. Every haul was practically a gathering of 
diatoms (Cheetoceros), with comparatively few Copepods 
and other organisms. Another week later (October 4th) 
Mr. Chadwick took a surface tow-netting in Port Erin 
Bay, which revealed another complete change in the 
plankton. The diatoms had almost entirely disappeared, 
and a large number of Copepods, chiefly Pseudocalanus 
and Paracalanus, were then present. 

The distribution of the pelagic life in the sea is 
influenced by many circumstances——winds, currents, sun- 
shine and shadows, light and darkness, temperature and 
salinity are important factors. These agencies at all 
times have great effect in increasing or diminishing the 
quantity and variety of organisms present. We know a 
very great deal more regarding the distribution of certain 
classes of pelagic and semi-pelagic organisms now than 
we did a few years ago. For example, many Cope- 
poda which were at one time regarded as_ strictly 
limited to particular regions are now known to have 
a very wide range. Every scientific expedition throws 
fresh light on the subject. There are still quite 
a number of such organisms whose known distribution 
is very limited, but whether they will prove on further 
investigation to be so local is very doubtful. A collection 
of plankton taken by Dr. H. E. Roaf this summer during 
a traverse to Quebec and back, revealed some interesting 
facts regarding the distribution of certain Copepoda, &e. 
Calanus was represented in every gathering on the out- 
ward journey, but the collections from mid-Atlantic 
contained a much greater number of specimens than any 
of the others. On the homeward traverse Calanus was 
absent from one or two collections; again, however, the 
mid-ocean gatherings contained the greatest quantity. 
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Acartia claust was tolerably frequent on the English side, 
but appeared to be entirely absent on the Canadian coast. 
This particular species was replaced there by another 
member of the genus, A. longewremis, which was very 
abundant in the St. Lawrence, but is rarely met with in 
the Irish Sea. Metridira longa, a cold-water Copepod, was 
fairly plentiful about the time the ship was passing 
through the area affected by the Arctic current. It was 
only taken during a period of forty-eight hours’ steaming. 
Off the Irish coast Metridia lucens was noted. This species 
was recorded by I. C. Thompson and myself, in the Report 
on the Ceylon Copepoda, as extending from the English 
Channel to the Gulf of Suez. One and a half days after 
Dr. Roaf left Liverpool the ship apparently encountered a 
swarm of Hvadne nordmanni, which was the chief con- 
stituent of the collection then taken. A few were noted 
in the gathering of the previous day, but after that no 
more were found till the ship had entered the Gulf of 
St. Lawrence. 

Coming back to our own immediate neighbourhood, 
we find, from a recent expedition in the Lancashire 
Fisheries steamer, an interesting state of affairs. On 
November 13th, starting from Piel Gas Buoy and pro- 
ceeding N.W. to the Isle of Man, four hauls were made 
with a Hensen quantitative net. The first haul was made 
six miles from the gas buoy, the second 15 miles, the 
third 24 miles, and the fourth 42 miles off the buoy. That 
is, each of the three last hauls was made nine miles away 
from the preceding one. ‘The four hauls all contained an 
abundance of diatoms, representing several genera and 
species, but the quantity varied in each haul. ‘The first 
haul contained 4 c.c., the second 1 c.c., the third 2 c.c., 
and the fourth 2! c.c. of material. In the first haul 
Rhizosolenia semispina and Chetoceros (3 or 4 species) were 
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the prevailing forms. In the second haul Coscinodiscus 
concinnus was the chief constituent. In the third haul an 
abundance of Hucampia zodiacus and a fair quantity of 
Rhizosolema was found. The fourth haul was very 
similar to the first. Copepoda were comparatively scarce 
throughout the traverse and consisted mainly of 
Paracalanus and Oithona. The first haul contained one 
Calanus and six Temora. Temora was not taken again, 
and the second and third hauls had no Calanus. The 
fourth haul contained eight Calanus. Amongst other 
things, Voctiuca and Sagitta were tolerably common in 
the four hauls. 

The cruise was continued to the West side of the 
Isle of Man. Six miles N. from Peel another haul was 
taken, which revealed a complete change in the plankton. 
The quantity measured } c.c., and in it were three Sagitta 
and sixteen Calanus. Pseudocalanus, Acartia, and 
Oithona were tolerably common. Four genera of diatoms, 
each represented by a very few specimens, a few larval 
Polycheta, Ceratium tripos and C. fusus, and “‘ Mitraria,” 
but no Noctiluca, were taken. A quantitative estimation 
of the plankton obtained during that particular cruise is 
of course possible; but to say that every cubic metre 
traversed contained a definite number, or even an average 
number of Coscinodiscus, Rhizosolenia, Calanus or Temora 
would be unjustifiable and misleading. 


The Naturalist’s Dredge. 
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APPENDIX B. 


THE LIVERPOOL MARINE BIOLOGY 
COMMITTEE (1906). 


His ExceLttency THE Rigut Hon. Lorp Raguan, Lieut.- 
Governor of the Isle of Man. 

Mr. R. D. Darsisuire, B.A., F.G.S., Manchester. 

Pror. R. J. Harvey Gizson, M.A., F.L.S., Liverpool. 

Mr. W. J. Hats, Liverpool. 

Pror. W. A. Herpman, D.Sc., F.R.S., P.L.8., Liverpool, 
Chairman of the L.M.B.C., and Hon. Director of the 
Biological Station. 

Dr. W. E. Hoyvte, M.A., University, Manchester. 

Mr. P. M. C. Kermopz, Ramsey, Isle of Man. 

Mr. A. Leicester, Liverpool. 

Siz Cuaryes Perrier, Liverpool. 

Mr. HE. Tuompson, Liverpool, Hon. Treasurer. 

Mr. A. O. Watxer, F.L.S., J.P., formerly of Chester. 

Mr. Arnoxtp TI. Watson, F.L.S., Sheffield. 


Curator of the Station—Mr. H. C. Cuapwick. 
Assistant—Mr. T. N. CREGEEN. 


CONSTITUTION OF THE L.M.B.C. 
(Hstablished March, 1885.) 


I.—The Oxssxcr of the L.M.B.C. is to investigate the 
Marine Fauna and Flora (and any related subjects such 
as submarine geology and the physical condition of the 
water) of Liverpool Bay and the neighbouring parts of 
the Irish Sea and, if practicable, to establish and maintain 
a Biological Station on some convenient part of the coast. 
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Ii.—The Comuirrex shall consist of not more than 12 
and not less than 10 members, of whom 3 shall form a 
quorum; and a meeting shall be called at least once a 
year for the purpose of arranging the Annual Report, 
passing the Treasurer’s accounts, and transacting any other 
necessary business. 


IiI—During the year the Arratrs of the Committee 
shall be conducted by an Hon. Director, who shall be 
Chairman of the Committee, and an Hon. Treasurer, 
both of whom shall be appointed at the Annual Meeting, 
and shall be elivible for re-election. 


IV.—Any Vacanctms on the Committee, caused by 
death or resignation, shall be filled by the election at 
the Annual Meeting, of those who, by their work on the 
Marine Biology of the district, or by their sympathy with 
science, seem best fitted to help in advancing the work of 
the Committee. 


V.—The Exprrnsss of the investigations, of the publi- 
cation of results, and of the maintenance of the Biological 
Station shall be defrayed by the Committee, who, for this 
purpose, shall ask for subscriptions or donations from the 
public, and for grants from scientific funds. 


VI.—The Brotogicat Station shall be used primarily 
for the Exploring work of the Committee, and the 
Specimens collected shall, so far as is necessary, be 
placed in the first instance at the disposal of the members 
of the Committee and other specialists who are reporting 
upon groups of organisms; work places in the Biological 
Station may, however, be rented by the week, month, or 
year to students and others, and duplicate specimens 
which, in the opinion of the Committee, can be spared 
may be sold to museums and laboratories. 
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LIVERPOOL MARINE BIOLOGICAL STATION 
AT 


PORT ERIN. 


LABORATORY REGULATIONS. 


I.—This Biological Station is under the control of the 
Liverpool Marine Biological Committee, the executive of 
which consists of the Hon. Director (Prof. Herdman, 
F.R.S.) and the Hon. Treasurer (Mr. EH. Thompson). 


II.—In the absence of the Director, and of all other 
members of the Committee, the Station is under the 
temporary control of the Resident Curator (Mr. H. C. 
Chadwick), who will keep the keys, and will decide, in the 
event of any difficulty, which places are to be occupied by 
workers, and how the tanks, boats, collecting apparatus, 
&c., are to be employed. 


Iji.—The Resident Curator will be ready at all 
reasonable hours and within reasonable limits to give 
assistance to workers at the Station, and to do his best 
to supply them with material for their investigations. 


TV.—Visitors will be admitted, on payment of a small 
specified charge, at fixed hours, to see the Aquarium and 
Museum adjoining the Station. Occasional public lectures 
are given in the Institution by members of the Committee. 


V.—Those who are entitled to work in the Station, 
when there is room, and after formal application to the 
Director, are: —(1) Annual Subscribers of one guinea or 
upwards to the funds (each guinea subscribed entitling to 
the use of a work place for three weeks), and (2) others 
who are not annual subscribers, but who pay the Treasurer 
10s. per week for the accommodation and privileges. 
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Institutions, such as Universities and Museums, may 
become subscribers in order that a work place may be at 
the disposal of their students or staff for a certain period 
annually; a subscription of two guineas will secure a work 
place for six weeks in the year, a subscription of five 
guineas for four months, and a subscription of £10 for the 
whole year. 


VI.—Kach worker is entitled to a work place opposite 
a window in the Laboratory, and may make use of 
the microscopes and other apparatus, and of the boats, 
dredges, tow-nets, &c., so far as is compatible with 
the claims of other workers, and with the routine work of 
the Station. | 


VII.—KEach worker will be allowed to use one pint of 
methylated spirit per week free. Any further amount 
required must be paid for. All dishes, jars, bottles, tubes, 
and other glass may be used freely, but must not be 
taken away from the Laboratory. Workers desirous of 
making, preserving, or taking away collections of marine 
animals and plants, can make special arrangements 
with the Director or Treasurer in regard to bottles and 
preservatives. Although workers in the Station are free 
to make their own collections at Port Erin, it must be 
clearly understood that (as in other Biological Stations) 
no specimens must be taken for such purposes from the 
Laboratory stock, nor from the Aquarium tanks, nor from 
the steam-boat dredging expeditions, as these specimens 
are the property of the Committee. ‘’he specimens in 
the Laboratory stock are preserved for sale, the animals 
in the tanks are for the instruction of visitors to the 
Aquarium, and as all the expenses of steam-boat dredging 
expeditions are defrayed by the Committee, the specimens 
obtained on these occasions must be retained by the 
Committee (a) for the use of the specialists working at 
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the Fauna of Liverpool Bay, (6) to replenish the tanks, 
and (c¢) to add to the stock of duplicate animals for sale 
from the Laboratory. 


VIII.—Each worker at the Station is expected to lay 
a paper on some of his results—or at least a short report 
upon his work—before the Biological Society of Liverpool 
during the current or the following session. 


IX.—All subscriptions, payments, and other commu- 
nications relating to finance, should be sent to the Hon. 
Treasurer. Applications for permission to work at the 
Station, or for specimens, or any communications in 
regard to the scientific work should be made to Professor 
Herdman, F.R.S., University, Liverpool. 


Ail OOOO PAO. 


Port Erin Biological Station. 
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Appenprix C. 


HON. TREASURER’S STATEMENT. 


The list of Subscribers and Balance Sheet fcr 1906 is 
shown in the few pages following. The latter shows a 
small balance due to the Treasurer. 

The New Biological Station has been in full occupa- 
tion for some years, and the working expenses are 
considerably greater than in the days of the less 
commodious building: also there is greater scope now for 
the Committee to open up further fields of useful work, and 
this is being done on a larger scale each year. There is, 
therefore, a greater necessity for increased support either 
by annual subscriptions or by special donations. 

A welcome donation of fifty pounds has been received 
from Sir John Brunner to the special fund for publishing 
the Marine Biological Memoirs. Fourteen Memoirs with 
excellent plates have already been published; several new 
ones are ready for printing; and further contributions for 
this object will be gladly received, in order that there may 
be as little delay as possible in their publication. 

There is a useful library at the Port Erin Biological 
Station for the use of students and other workers, but it 
is urgently in need of many standard Biological Works. 
Further donations towards the library, either in books or 
money, will be most welcome. 

The Treasurer will gladly receive the names of new 
subscribers with the view of continuing the publications 
on the local Fauna and on typical British marine animals 
and plants, and of aiding to defray the necessary working 
expenses of the Biological Station at Port Erin. 


Enwin THOMPSON, 
1, Croxteth Grove, Hon. Treasurer. 
Liverpool, December, 1906. 
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INTRODUCTION. 


The Isopod Ligza oceanica (Linn.) has been selected as 
the type for this Memoir on account of its comparatively 
large size, being the largest British Isopod, and also 
because it is one of the most interesting of the group, 
being mid-way between the aquatic and terrestrial forms. 

The Isopoda, with the Amphipoda, form the sub-order 
Arthrostraca, and are characterised by being Malacostraca 
with seven distinct thoracic segments, each bearing a 
pair of limbs (except the Gnathiidae) and possessing 
sessile eyes; on account of the last character, they are 
usually classed together in the sub-order Edriophthalmia. 

The Isopoda possess a dorsoventrally depressed body. 
The thoracic limbs do not bear branchial appendages, as 
in the Amphipoda, but respiration is carried on by means 
of the abdominal appendages, which are modified for that 
purpose, the modification varying in the different tribes. 
The terrestrial Isopods, the Oniscoidea, are the only 
members of the group which exhibit such a uniformity 
in the character of the thoracic appendages as to justify 
the name. 

The following classification of the Isopoda is that 
given by Sars (1896), each tribe being defined by three 
characters—those of the first pair of legs, the uropoda, 
and the pleopoda or abdominal appendages : — 

I. First pair of legs cheliform; Uropoda terminal ; 
Pleopoda, when distinctly developed, exclu- 
sively natatory - - - 1. Cheliferae. 

II. First pair of legs not cheliform. (1) Uropoda 
lateral. (i) Pleopoda for the most part nata- 
tory, forming a caudal fan with the terminal 
segment of the metasome - 2. Flabelliferae. 
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(11) Pleopoda to a great extent branchial; the 

Uropoda valve like, inflexed, arching over the 

Pleopoda - - - - 3. Valviferae. 

(2) Uropoda terminal. (i) Pleopoda_ exclusively 

branchial, generally covered by a thin oper- 

cular plate (the modified Ist pair) - 4. Asellota. 

(11) Pleopoda for air breathing - 5. Oniscordea. 

(111) Pleopoda when present, exclusively bran- 

chial in the adult animal and not covered by 

an operculum . - - 6. Epicarida. 

Inga oceanica belongs to the tribe Oniscoidea, which 

are characterised by being terrestrial. This tribe includes 

all the so-called “ wood-lice.” Their abdominal append- 

ages are fitted for air breathing, but in Ligia there is a 

very near approach to branchial respiration, as moisture 

is necessary. ‘The body is oval in shape, and the seven 

pairs of thoracic appendages are similar in character. 

Ligia oceanca was first described in 1767 by Linnaeus 

as Oniscus oceanicus. Later, in 1798, the genus Ligia 

was created by Fabricius to include the Oniseus oceanicus 
of Linnaeus. 


BIOLOGY. 


Ligia oceanica (P1. I.) has a wide distribution, and is 
recorded from the coasts of the British Isles, Faroe Islands, 
Norway, Denmark, Germany, Belgium, France, Spain, 
Morocco and America. At Plymouth* I have found 
Ligia most numerous, and of the maximum size, on 
Drake’s Island. At Port Erin they occur in the cliff near 
the old biological station. 
* I wish to express my thanks to the Council of the Marine 
Biological Association of Great Britain for the use of a table at the 
Plymouth Laboratory, during the Easter vacation, 1906. Other 


material for this memoir was obtained at the Marine Biological 
Station, Port Erin, during the Easter vacations, 1903-4, 
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They are terrestrial, but require a certain amount of 
moisture. On the other hand, they are unable to 
withstand prolonged immersion in sea-water, and still 
less in fresh water. 

They are found just above high-water mark in a 
zone of varying width. The height of their habitat above 
high-water mark seems to depend on the nature of their 
surroundings, which is varied. The greatest number are 
found in deep narrow crevices in the rocks immediately 
above high water. Here they can be found in large numbers 
packed closely together. They also abound in crevices 
on the side of a quay, hence their name, ‘ quay-louse’ or 
‘quay-lowders.’ They are also known as ‘ sea-carpenters,’ 
‘carpenter’ being a local name of the wood-louse. They 
can be found between the wooden piles of a pier or under 
the loose stones and rubbish cast up by the tide, which have 
accumulated in small dark holes. The highest level is 
attained by those specimens which live in the loose clay 
and shale forming the cliffs on many parts of our 
coast, but the specimens living in these conditions do not 
attain the size of those living lower down in the rock 
crevices, and are generally of a darker colour. 

In St. Kilda, I have found them in the crevices of the 
boulders on the top of a hill over 450 feet above sea-level. 
This high altitude may be explained by the fact that the 
sea spray often reaches that height. It is extremely 
improbable, however, that the animals go down to sea 
level to feed. Contrary to the usual rule, the majority of 
individuals found at this high level were females. I 
found large numbers of young individuals under rocks 
between tide marks, and none at the high level, these 
females probably go down to the sea level to liberate the 
young from their brood-pouches. 

The colour varies from a dark greyish green to a 
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light dirty brown. In young specimens two light-coloured 

patches occur on the median line of the dorsal side. The 
colouration has generally a mottled appearance, the dark 
portions being due to presence of closely packed chro- 
matophores. In injected specimens a close connection is 
observed between the terminations of the fine capillaries 
and the chromatophores. In moulting, the cuticle of the 
posterior half of the body is shed first, and a short time 
elapses before the anterior half is shed, so that individuals 
are often found with the posterior half of the body lighter 
in colour than the anterior half. 


Their food consists chiefly of decaying animal and 
vegetable substances, and from a study of the contents of 
their guts, the latter appear to form a large proportion of 
their diet. In captivity they prefer the weaker members 
of their own species, but there is not much evidence that 
this is a natural habit. 


They are able to run with great rapidity, coming out 
from their dark retreats after sunset to feed, at which 
time they may be caught with the aid of a lantern. The 
best instrument for capturing them during the day is a 
fairly long wire, having the last half-inch bent at right 
angles; by means of this they can be extracted from their 
narrow crevices. 


EXTERNAL CHARACTERS. 


The body is oval in shape, broadest across the fourth 
thoracic segment, and gradually decreasing in size towards 
the posterior end. It is almost twice as long as it is 
broad. The males are larger than the females, the reverse 
being usually the case in Arthropods. They may attain 
a length of 32-54 mm., the width of the thorax reaching 
18 mm. ‘The females are more regularly oval in shape 
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and may reach a size of 26 mm., their extreme width 
being 11 mm. The dorsal face of the body is moderately 
convex, and its surface is granulated. The body can be con- 
veniently divided into four regions—1l, the head segment 
or cephalon; 2, the mesosome or thorax, consisting of 
seven segments; 3, the metasome or abdomen, consisting 
of five distinct abdominal segments, together with a 
terminal segment, which is, 4, the telson. 

The cephalon is sunk into a depression formed by 
the forward growth of the epimeral portions of the first 
thoracic segment. It is evenly convex in front; the 
posterior border is depressed, the edge being marked by 
a ridge. The dorsal surface is slightly curved trans- 
versely. A pair of large compound sessile eyes are 
situated laterally, each having a slight reniform appear- 
ance from a dorsal view. On the anterior face, which is 
almost vertical, the minute pair of first antennae are 
situated, one on each side the median line. ‘To the 
outside of these are the large and robust second antennae. 
When moving, the animal holds the large antennae in a 
forward position, and constantly tests the nature of the 
surface over which it is proceeding with the very sensitive 
flagella, appearing to trust for guidance more by this 
means than by means of its sight. When at rest, they are 
folded back along the sides of the mesosome. 

On the ventral side of the head the mouth-parts form 
a prominent projection. The mouth is bounded in front 
by a large transversely-hinged labrum. ‘The sides are 
_ composed of the powerful mandibles and two pairs of 
maxillae. The posterior border is formed by the two 
maxillipedes, which are imperfectly fused together, 
forming an apparent lower lp; there is, however, internal 
to these, a lingua-like bilobed chitinous plate, deeply 
incised in the middle and having a small median plate; 
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this forms a true posterior lip. The maxillary excretory 
organ opens at the base of the second maxilla. 

The seven segments of the thorax form the greater part 
of the animal’s body. ‘They are convex on their anterior 
margins and concave behind. The lateral portions form 
large epimeral plates, obtusely acuminate, and directed - 
backwards. The segments slightly overlap, and the 
uniting membrane, which is not impregnated with 
calcareous salts, sinks into the hypodermal tissues. On 
the ventral sides, where the epimera join the body, the 
walking legs or pereiopods arise. The first three pairs 
of pereiopods are approximately the same size, the last 
four pairs gradually increase in size. The ventral wall 
of the thorax is thin and transparent, and strengthened 
by slightly curved transverse bars. On the ventral side 
of the thorax of the female, the brood-pouch full of ova 
is very conspicuous in the breeding season. It is formed 
by lamellae which arise inside the origin of the five 
anterior pairs of thoracic appendages and grow ventrally, 
overlapping the adjacent lamellae distally and laterally. 
The paired female genital apertures are situated on the 
inside of the fifth pair of pereiopods. The male genital 
products are ejected through a pair of styliform 
appendages on the posterior border of the last thoracic 
segment, immediately in front of the branchiae. 

The metasome or abdomen consists of five segments 
and the telson, and is about a third of the entire length 
of the animal. The two anterior segments are narrow, 
and do not reach the margins, but are lodged in the 
concave posterior border of the seventh thoracic segment. 
The three posterior segments have their lateral margins 
produced into tooth-like backwardly projecting processes. 
Five pairs of uropoda, which are of the nature of 
branchiae, are borne on the ventral side of the abdomen. 
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Each of these consists of an outer ‘opercular’ lobe and 
an inner lobe. In the male the inner margins of the 
outer lobes of the first pair may, or may not, be produced 
into short spinous processes; the inner margins of the 
second pair are produced into two long slender styles for 
copulatory purposes. 

The terminal segment or telson 1s composed of the 
last two segments of the metasome, which are fused to 
form a rather broad terminal segment. ‘The posterior 
edge is evenly rounded; the lateral portions are acuminate 
and subtend a sinus in which the terminal pair of uropoda 
arise. Each of the terminal uropoda consists of a fairly 
stout basal portion, from which the styliform appendages 
arise. The anus is a longitudinal slit on the ventral side 
of the terminal segment. 

The external apertures are—the mouth, the openings 
of the maxillary excretory organs on the protopodites of 
the second maxillae, the openings of the oviducts at the 
base of the fifth pair of pereiopods, or of the vasa 
deferentia at the posterior border of the ventral side of the 
seventh thoracic segment, and the anus. 


APPENDAGES. 


The first pair of antennae (PI. II., Fig. 1) may be truly 
called antennules, as they are extremely small, measuring 
a little over 1 mm. in length. They are situated internal 
to, and at the base of, the second antennae. They are 
triarticulate, the terminal jomt being quite rudimentary 
and bearing two terminal groups of small setae. 

The second pair of antennae (PI. II., Fig. 2) are long, 
attaining a length of 25 mm. in the male and 14 mm. in the 
female; when folded back they extend to the posterior 
border of the fourth thoracic segment. The protopodite 
is composed of five joints, the fourth and fifth being the 
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largest; the fifth joint equals in length the proximal five 
joints of the flagellum. The flagellum may have as many 
as 13 or 14 joints, which are setose, the setae being of two 
SIZES. 

The mandibles (PI. II., figs. 3, 4) are very powerful and 
consist of a single protopodite. The point of attachment 
is D shaped, the curve being internal. From the anterior 
end of the external border, a powerful tooth-bearing 
process curves inwards, forming a quadrant-shaped 
anterior face. The curve of the quadrant is external; 
the lower side is partially attached and the vertical side 
bears the mandibular processes. Internally, on this 
vertical side, there are—a stout molar process, the flat 
extremity of which is covered with minute closely-set 
teeth ; a small palpiform structure bearing setose bristles, 
and two stout mandibular teeth separated by a sinus, each 
being sub-divided into three smaller teeth. The ventral 
edge of the mandible is produced into a rounded keel, 
which gradually diminishes in depth towards the posterior 
edge. 

The first pair of maxillae (Pl. II., fig. 5). Hach maxilla 
is composed of two lobes. The outer lobe is calcified and 
much stronger than the inner, which is more flexible. 
The inner lobe is terminated by three deflexed setose 
bristles; the outer lobe has a terminal group of short 
thick spines. 

The second pair of maxillae (PI. II., fig. 6) are much 
modified, being thin and flexible. Hach consists of a long 
protopodite, terminated by an oblique setose joint 
having internally at its base two setose bristles. The 
maxillary excretory organ opens at the base of the 
protopodite. 

The maxillipedes (Pl. II., fig. 7) are closely approxi- 
mated on their inner sides and joined at the base, so that 
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they form an outer lower lip. Each consists of an inner 
rectangular plate spinose at its anterior margin, and an 
outer five-jointed palp. The joints of the palp are spinose, 
each of the four distal joints having on its inner side a 
setose pad. At the base there is a small lamella. 

The pereiopods (Pl. II., figs. 8, 9) or ambulatory 
appendages. Hach pereiopod consists of a basal protopodite 
and an endopodite, which is composed of five spinose joints 
(ischiopodite, meropodite, carpopodite, propodite and 
dactylopodite). In the posterior pairs of pereiopods, the 
carpopodite and propodite are long in comparison with 
the other joints. The dactylopodite bears two strong re- 
curved claws. 

In the female each of the anterior five pairs of 
pereiopods (Pl. II., fig. 12) subtends a thin foliaceous 
lamella which curves downwards and inwards, overlapping 
the opposite and adjacent lamellae, and thus they form a 
brood pouch in which the eggs are carried. These lamellae 
are not out-growths of the limbs, but of the sterna. 

Abdominal appendages. ‘here are five pairs of 
abdominal appendages or pleopoda, and a terminal pair of 
uropoda. Hach pleopod (Pl. II., figs. 11, 13) consists of a 
pear-shaped superior lobe covering a small inferior lamella. 
In the terrestrial isopods, the outer lobe is termed 
opercular and the inner branchial. In Jzgza both are 
branchial, as will be shown later. 

At the base of the outer edge of the superior lobe, 
there is a small lamella. The edge of the superior lobe is 
fringed with a border of setose bristles. The second pair 
of pleopods are modified in the male by having a two- 
jointed style arising at the base of the inner margin of 
the superior lobe (Pl. II., fig. 10). The style is long and 
grooved, and reaches to the fourth pleopod; its distal 
extremity is slightly swollen and finely pointed. It is 
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for copulatory purposes. The superior lobe of the first 
pair of pleopods also may be modified slightly for copula- 
tory purposes. The third, fourth, and fifth pairs of 
pleopods are very similar in character, the third pair being 
the largest. 

The uropoda (P1.II., fig. 14) are situated at the posterior 
edge of the sixth abdominal segment or telson, the pleural 
regions of which are produced posteriorly, thus forming a 
small sinus in which the uropods can bend laterally. 
Fach consists of a stout basal joint which is 
widest in the middle and truncated distally. The middle 
region is thick, narrowing off sharply to the 
outer edge, and slightly to the inner edge, which is 
adjacent to that of its fellow. Distally, two setose styli- 
form processes arise. These are about twice the length 
of the basal portion. During life they are carried in a 
diverged position, being separated vertically by a wide 
angle. The inner style has a well-developed terminal 
spine which is trailed over the ground, and is probably 
of a sensory nature, as it has similar nervous connections 
to the sensory bristles of the antennae. 


Bopy Wai, Muscunar System anp Bopy Cavity. 


The body wall consists of three layers, the outer 
cuticular layer, the hypodermis and the connective tissue. 
The cuticular layer is composed of a thin cuticula resting 
on a thicker layer of chitin, in which two distinct layers 
can generally be observed (PI. IV., fig. 3). The chitin is 
impregnated with salts of calcium, which cause it to have 
a fairly resistant and brittle texture. Between the segments 
the chitinous layer is thin. In the middle region of the 
dorsal side the intersegmental membrane does not dip 
deeply into the tissues, as it does at the sides. The 
cuticula bears spines and setae in many regions of the 
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body. The hypodermal layer is composed of a single 
layer of cubical cells. Underneath the hypodermis the 
chromatophores are found. The rest of the body wall is 
made up of connective tissue, in which groups of large 
adipose tissue cells occur. These last cells also occur in 
large numbers on the walls of the alimentary canal, and 
dorsal to the heart. (PI. II., fig. 16, ad. tvs.) 

The body cavity (6.c.) is a haemocoel, the alimentary 
canal and other organs being in contact with the blood. 
A horizontal septum (sep.) divides the body cavity into a 
small dorsal pericardial cavity enclosing the heart, and a 
large sinus enclosing the other organs. 

The muscular system, excluding the muscles of the 
wall of the gut, heart, &c., consists of three sets of muscles 
—1, those in connection with the gastric mill; 2, the 
muscles moving the segments of the body; 3, the muscles 
moving the appendages. 

The muscles are composed of striated muscle fibres. 
The muscles controlling the gastric mill occupy almost 
the whole of the cavity of the cephalon and are very 
conspicuous on opening this. They are attached to the 
dorsal side of the cephalon, and most of them are inserted 
into the large lateral cardiac teeth. The muscles moving 
the segments of the body are also segmented, but the 
muscle segments alternate with the body segments. On 
each side of the dorsal Jine there is a series of longitudinal 
muscles (d.d.m.). The anterior end of each bundle 
of muscle fibres of this series is inserted immediately 
behind the anterior end of one segment, and the posterior 
end is inserted at the anterior border of the succeeding 
segment. In the lateral regions, where the cuticle dips 
into the body, a number of oblique muscle bands, which 
form a series of muscles on each side, have their posterior 
ends attached to the anterior wall of the cuticular 
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invagination, and their anterior ends attached to the 
hypodermis of the middle of the preceding segment. In 
the lateral, and also the epimeral regions, the body cavity 
is almost entirely filled up with the muscles moving the 
appendages; these muscles are attached to the dorsal 
side of the animal in these regions (Jev.m.). The 
longitudinal muscles of the ventral side (v./.m.) have 
their attachments similar to those of the dorsal side. 
The joints of the thoracic appendages, like the appendages 
themselves, are provided with extensor and flexor muscles. 
The mandibles are provided with a powerful set of 
muscles, attached to the dorsal side. The proximal ends 
of the remaining mouth appendages have thickened 
skeletal rods, forming an internal framework, to which the 
muscles moving them are attached. 


Tur DIGESTIVE SYSTEM. 


The digestive system consists of the alimentary canal 
and its glands—the salivary glands, and the hepato- 
pancreas or digestive gland. 


The alimentary canal can be divided into four parts— 
the oesophagus, the stomach, mid-gut and rectum. 


The oesophagus (PI. II., fig. 15 oes.) opens by a slit-like 
aperture surrounded by the mouth appendages. Its course 
is almost vertical, and it opens into the anterior end of the 
stomach on the ventral side. The oesophagus receives the 
secretions of the salivary glands. 


The stomach forms an efficient mill for triturating 
the miscellaneous substances upon which the animal feeds. 
It lies in the cephalic and first thoracic segments. The 
wall of the stomach, which is composed of columnar cells, 
is lined with chitin, and is folded in a complicated 
manner; thus a number of chitinous lamellae are formed, 
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which project into the cavity of the stomach. The dorsal 
wall of the stomach is almost flat, and is continuous 
posteriorly with the mid-gut. The anterior end of 
the stomach is slightly oblique, and when seen 
from the upper surface is semi-circular. The plates 
and “teeth” which form the gastric mill are 
arranged in the followimg manner. On each of 
the lateral margins of the anterior end of the stomach 
a bilobed ampulliform triturating ‘ tooth’ (Fig. 15, /.c.t.) 
arises, and meets its fellow of the opposite side above the 
opening of the oesophagus. These lateral cardiac teeth 
are the chief masticatory agents of the gastric mill. 
Between these, on the anterior wall of the stomach, three 
teeth fill up the space, a small median anterior tooth 
(m.a.t.) situated between two antero-lateral teeth (a./.t.). 
Posteriorly, the closure of the entrance to the stomach is 
effected by a ventral transverse setiferous ridge, the 
ventral cardiac tooth (v.c.t.). In the preceding description, 
the word ‘tooth’ has been used to designate a chitinous 
protuberance of the wall of the stomach, which is covered 
with short, closely-set, re-curved setae. On the ventral 
side of the stomach, in the middle region, three tooth- 
shaped processes arise, their apices directed backwards; 
they are the median, ventral and ventro-lateral teeth 
(v.l.t.). On each side of the cardiac region of the stomach, 
a narrow lamella, the lateral cardiac lamella (/.c.l.) runs 
in an oblique direction from the antero-dorsal region to 
the ventral side, and terminates near the ventro-lateral 
tooth. In the pyloric region of the stomach, a deep 
invagination of the dorsal surface forms a broad dorsal 
lamella (d./.), which extends across the dorsal side and 
half-way down the lateral sides. Between the lateral 
portions of the dorsal lamella and the wall of the stomach, 
two large lamellae (v./.p.l.) have their lateral limits; these 
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are the ventro-lateral pyloric lamellae. They arise on the 
ventral side immediately behind the ventro-lateral teeth. 
Their ventral edges almost meet along their whole length ; 
their lateral edges extend in an oblique direction from 
behind the dorsal lamella to the ventral side at the anterior 
end of the mid-gut, where each ventro-lateral lamella 
terminates in a fine point. 

The mid-gut (Pl. IT., fig. 16 md.g.) extends in a straight 
line from the posterior end of the stomach to the rectum 
in the posterior region of the abdomen. It is of uniform 
width throughout, except at the posterior end, where it 
narrows considerably, and is surrounded by a sphincter 
muscle. Three regions can be roughly made out, the 
arrangement of the epithelial cells of the gut being the 
means of demarcation. The wall is composed of three 
layers, an outer muscular layer, a median basement 
membrane, and internally the epithelium, which is 
covered by a chitinous intima. This intima is perforated 
and is shed when the animal moults. The muscular layer 
is composed of two sets of muscles, an outer longitudinal 
and an inner circular layer, but this only applies strictly 
to the anterior end of the mid-gut; further back the 
muscle fibres become separated by the bulging out of the 
epithelial cells. The epithelial cells of the gut are very 
large and contain correspondingly large nuclei. They 
form a syncytium, as they do not possess complete cell 
walls, but are separated by inter-cellular fibres, extending 
from the basement membrane to the intima, and probably 
of cytoplasmic origin. The arrangement of the epithelial 
cells varies in different regions of the mid-gut. In the 
anterior region, which is almost half the entire length of 
the mid-gut, the cells are irregularly arranged. On the 
lateral sides they extend in longitudinal rows; the two 
median ventral rows of cells extend from the anterior end 
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of the mid-gut to the posterior end. On the dorsal side of 
the anterior region, in the median line, a typhlosole (t.y.) 
is formed by the floor of a groove being re-invaginated ; 
posteriorly, the sides of the groove widen out into an 
elongate spoon-shaped structure. The function of the 
typhlosole is probably not, as is usual, to assist in the 
absorption of food, but to provide a channel along which the 
secretion of the hepatopancreas is able to flow to the middle 
region of the intestine. In the middle region of the mid- 
gut the epithelial cells exhibit a very regular arrangement. 
They are arranged in double rows, which run out in an 
oblique direction from the median line. ‘The rows of cells 
project into the body cavity, so that grooves are formed 
between the double rows. In these grooves the muscle 
fibres are lodged, underneath the blood-vessels from the 
intestinal arteries. The posterior region is marked by the 
presence of the sphincter muscle, which separates the mid- 
gut from the rectum. In the sphinctal region the faecal 
pellets are formed. 

The rectum is a short uniform tube opening by the 
longitudinal sht-hke anus. 

The salivary glands. ‘There are two pairs of salivary 
glands situated in the cephalon, on each side of, and 
opening into, the oesophagus. Hach is made up of 
a large number of rosette-like masses of gland cells, which 
are very similar to the mucous glands described by Allen 
(1892) in Palaemonetes. In section, they have the 
appearance shown in the figure (Pl. II., fig. 17). Each 


acinus is made up of a number of concentric 


cells, in which two regions can be recognised—a peripheral 
cytoplasmic region containing the nucleus, and a central 
glandular region. Each of the cells has at its internal 
apex an intracellular duct (2c.d.), which opens into a duct 


common to the mass of cells (¢.d.). This duct is probably 


LIGIA. 81 


formed by a single cell, the nucleus of which can be seen 
near the centre of the gland (n.c.d.). 

The hepatopancreas. ‘This is also known as the liver, 
and the digestive gland; the last name describes its true 
function. In Lzgza it consists of three pairs of tubules, 
which extend from the pyloric region of the stomach to 
the posterior end of the abdomen, where they gradually 
taper off, and are generally doubled back for a short 
distance. The three pairs are situated in relation to the 
intestine, dorso-lateral, ventro-lateral and ventral (Pl. IL., 
fig. 16, v. hep., vl. hep.). The muscles of the walls of the 
distal two-thirds of the tubules are so arranged, that a 
spiral appearance is produced. The spiral arrangement 
of the muscles no doubt aids their peristaltic con- 
tractions. The tubules of each side open into the 
pyloric region of the stomach by a single aperture, 
behind and below the ventro-lateral teeth. The two 
ventrally placed tubules of each side fuse and then open 
into the stomach. Anterior to the opening the 
dorso-lateral tubules curve ventralwards, and fuse with 
the anterior end of the ventro-lateral tubules. A small 
tube is given off from the front of the common hepatopan- 
creatic duct, which runs forward for a short distance and 
ends blindly. The epithelial cells of the hepatopancreas 
are of two kinds—large secreting cells containing large 
nuclei, and smaller cells which may be either young 
secreting cells, or cells of an excretory nature. 

The physiology of the digestive system of terrestrial 
Isopods has been studied by Murlin (1902). He finds 
that the secretion of the hepatopancreas, which may be 
liberated by the dissolution of the cell, fragmentation of 
the cell, or evacuation from the cell, contains ferments, 
which are able to act upon proteids, carbohydrates and 
fats. 

F 
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VASCULAR SYSTEM. 


Delage (1881) has described the vascular system of 
Ligia oceanica in his Memoir on the circulation of the 
Kdriophthalmia, and, except in a few details, my results 
confirm his account. 

The heart (Pl. IIL, fig. 1, At) is a fairly wide tubular 
structure, extending from the fifth abdominal segment to 
the anterior end of the fourth thoracic segment. This 
posterior position of the heart is correlated with a posterior 
position of the organs of respiration. Its walls are 
muscular, and are perforated by two ostia (ost.), which are 
oblique slit-like orifices provided with muscles and two 
small inwardly projecting flaps. They are situated in the 
anterior and posterior regions on the right and left sides 
respectively. 

The pericardium (PI. I1., fig. 16, p.c.) extends from the 
anterior end of the heart to beyond the posterior end. 
Tt receives the efferent vessels from the branchiae, and is 
continuous with the venous lacunae in the anterior 
regions of the body. It is separated from the body cavity 
by a horizontal septum upon which the heart rests. 

The heart is continued anteriorly as the median 
aorta. On each side four arterial thoracic trunks arise. 
The first pair may be termed the lateral arteries; the 
remaining three pairs are the fifth, sixth and seventh 
thoracic arteries, and they arise in the anterior half of the 
heart. 

The median aorta (Pl. II1., fig. 1, med. ao.) runs 
forward along the dorsal wall of the gut to the 
cephalic region. In the anterior region of the 
second thoracic segment two arteries arise from the 
dorsal side, and run a_ sinuous course in the 


hypodermal tissues towards the epimera. In the first. 


thoracic segment a pair of large arteries arise laterally 


ee 


LIGIA. 83 


and run outwards at right angles. Hach gives off a large 
branch which supplies the walls of the stomach, a branch 
running to the hepatic tubules, a few small arteries to the 
soft parts, and, after giving off another branch which 
runs into the epimeron (ep. art.), it unites with an artery 
(1) which is the anterior prolongation of the lateral artery. 
Immediately on entering the cephalic segment, a small 
median unpaired artery arises on the dorsal side, and 
bifureating, runs in the hypodermis. In front of this the 
aorta gives off a pair of ophthalmic arteries (op. a.) which 
run outwards to the eyes, giving off many small branches 
to the soft parts. The aorta now bends down in front of 
the stomach, where it dilates somewhat, the dilation lying 
in a cavity on the anterior face of the stomach. This 
dilation serves as a kind of cephalic ‘heart,’ as it has 
on each side muscles connected with a pair of chitinous 
rods from the anterior face of the stomach. These muscles 
will aid in the contraction and dilation of the cephalic 
‘heart,’ and so help to pump the blood into the rest of 
the vessels of the median dorsal aorta; the blood, on 
account of the posterior position of the heart, would not 
be driven into these vessels so effectively, if it were not 
assisted by the action of the cephalic heart.* At the point 
where the aorta bends, it gives off dorsally a small median 
artery, and lower down two median unpaired arteries, 
each of which bifurcates, the superior one supplying the 
posterior side of the cerebral ganglion (cer. g.), and the 
inferior artery the anterior side of the ganglion. The aorta 
then bifurcates. Hach branch, besides giving off numerous 
small arteries, which can be better understood by reference 
to the figure (Pl. III., fig. 2), gives off a large antennary 
artery (ant.art.), and is then continued as the facial 


* Contractile vascular sacs occur in the heads of certain insects. 
Pawlowa (1895) has described them in the heads of certain Orthoptera, 
and, according to Selvatico, they occur in certain Lepidoptera. 
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artery (fac. art.), which supplies the mandibles and the 
lateral regions of the face. Neither the injections nor the 
serial sections showed any oesophageal ring of the nature 
described by Delage. Several small arteries are given off 
from the posterior border of the antenno-facial arteries 
which supply the oesophagus (oes. art.) and neighbouring 
soft parts, as will be seen from the figure. The fact that 
in many cases these small arteries dilate to an exaggerated 
extent when injected, may account for the mistake. 

The lateral arteries (Pl. III., fig. 1, dat. art.) run 
forward and outward from the anterior end of the 
heart, and in the first thoracic segment each anasto- 
moses with the transverse artery from the dorsal 
aorta. On the external side of each lateral 
artery, four thoracic arteries arise (i., 11., i11., 1IV.), 
supplying the first, second, third and fourth thoracic 
segments. On the internal side of the thoracic artery a 
number of branches are given off which ramify on the 
walls of the gut (ent. art.) and hepatic tubules (hep. art.). 
Close to the origin of the fourth thoracic artery a large 
branch (gen. art.) is given off, which supplies the terminal 
portion of the vas deferens. A number of arteries arise 
from the dorsal side of each lateral artery, and ramify 
in the hypodermal tissues. 

The thoracic arteries (i., il., ill., 1V., V., Vi., Vil.).—The 
course of each of the thoracic arteries, with the exception 
of the sixth and seventh, is somewhat the same. Each 
runs directly outwards, and, when dorsal to the hepatic 
tubules, gives off a ventral branch which supplies these. — 
Following the curvature of the dorsal surface the artery 
curves ventrally; a small artery arises which runs into 
the dorsal longitudinal muscles. When it reaches the 
insertion of the limb it bifurcates, the inner branch runs 
inwards and supphes the ventral surface, the outer branch 
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soon bifurcates again, the dorsal branch supplying the 
epimeral (ep. art.) region, and the ventral branch is the 
crural artery supplying the leg (er.art.).. The inner 
branches of the first thoracic artery supplying the 
ventral surface of the first thoracic segment unite 
in the mid-ventral line at the base of the maxilli- 
pedes, forming a median artery (Pl. III., fig. 2) 
which runs forwards and gives off paired arteries to the 
maxillipedes (map.), second (mz") and first maxillae (ma’), 
and terminates in the lingua-like lower lip. 

The sixth thoracic artery soon after its origin gives 
off a branch which runs ventrally, and unites with its 
fellow of the opposite side in the mid-ventral line of the 
intestine; from the point of junction a median artery 
runs forwards and backwards, forming a sub-intestinal 
artery. From the sides of the sub-intestinal artery paired 
transverse branches arise in a very regular manner, and 
run on the walls of the intestine in the oblique grooves 
which have been described above. 

The seventh thoracic artery, after running obliquely 
backwards for a short distance, gives off an artery which 
bifurcates and supplies the lateral regions of the intestine. 
It soon gives off from its posterior side a large artery, the 
abdominal artery which runs posteriorly; the rest of its 
course is similar to that of the other thoracic arteries. 

The abdominal artery (PI. III., fig. 1, ab. art.) 
of each side runs in an undulating manner, midway 
between the lateral margins and the median line ; 
from it arise small arteries supplying the intestine, 
muscles and other tissues. In the third abdominal 
segment it gives off a ventral branch which supplies 
the three anterior branchiae and the body-wall. The 
fourth and fifth pairs of abdominal appendages are 
supplied by an artery which arises from the abdominal 
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artery in the fourth abdominal segment. In the last 
segment an artery is given off internally to the intestine, 
on the ventral side of which it anastomoses with its fellow 
and the sub-intestinal artery. The abdominal artery 
finally terminates in the uropoda. 

The venous system is lacunar. A large thoracic 
sinus runs into the abdominal sternal sinus, from which 
five afferent branchial vessels arise; each of these 
bifurcates at the base of the branchial appendages, 
supplying the superior and inferior lobes of the branchiae. 

The vascular system of the branchiae. The branchiae 
are supphed by venous vessels from the abdominal sinus. 
The efferent branchial vessels open into the pericardium 
by way of the branchio-pericardial canals (Pl. IL., fig. 16, 
br.p.c.). The circulation in the superior and inferior lobes 
of the abdominal appendages, both of which are respira- 
tory, is different. The interior of the imferior lobe of 
the branchiae (2nf.lam.) is fenestrated by an irregular 
system of lacunae, those of the outer side containing 
venous blood and those of the inner side arterial. On the 
other hand, the vascular system of the superior lobe (sup. 
lam.) is very definite and uniform throughout the five 
pairs. It consists of a venous portion (PI. II., fig. 13, a.6.v.), 
which is ventral (looking at the gill from the anterior face) 
to the arterial system of vessels (e.b.v.). The individual 
arteries and veins interdigitate in a very complete manner, 
and the vascular supply is very rich, as will be seen by 
reference to the figure (PI. III., fig. 3). On this account, 
the superior gills cannot be looked upon as being merely 
opercular in function in this animal, but are certainly 
respiratory appendages of a very perfect nature. 

The blood is colourless and contains nucleated 
corpuscles which vary in size. As in most anthropods, it 


is very coagulable. 
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NERVOUS SYSTEM. 


The nervous system (PI. III., fig. 4) is composed of a 
series of paired ganglia, the ganglia of each pair being 
closely apposed; the ganglia are connected by distinct 
commissures. 

The supra-oesophageal or cerebral ganglion (cer. g.) 
extends across the space between the eyes, anterior and 
dorsal to the gut. The ganglion cells have large deeply- 
staining nuclei, and the fibres arising from them decussate 
and connect the ganglia. In the supra-oesophageal 
ganglia several lobes can be distinguished. On the dorsal 
side there is a large pair of lobes, from the sides of which 
the optic stalks arise. Hach of these optic stalks consists 
of a proximal lobe, connected by closely apposed parallel 
fibres with a distal lobe, from’ which the optic fibres arise 
and run direct to the retinulae. On the ventral sides of 
the superior lobes a small pair of median lobes is 
situated; these are anterior to, and connected with, a larger 
pair of ventral lobes, the olfactory lobes, from which 
the large antennal nerves (ant.n.) arise. The supra- 
oesophageal ganglion is connected with the  sub- 
oesophageal ganglion by a pair of peri-oesophageal com- 
missures. 

The sub-oesophageal ganglionic mass is perforated 
near the anterior end by a vertical muscle band. The 
mouth-parts are innervated by two pairs of nerves (m.p.n.), 
the first of which arises lateral to the perforation, and the 
second pair posterior to this, and latero-ventral. A pair 
of nerves (g.n.) arise posterior to these and run ventrally 
to the stomach. 

‘The sub-oesophageal ganglion is connected with the 
ganglia of the first thoracic segment by a pair of cords, 
from the middle of each of which a bifurcating nerve 
arises supplying the muscles of the body. 
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There are seven pairs of thoracic ganglia (th. g.), the 
ganglia of each pair being closely connected., The pairs 
of ganglia are connected by commissures, those between 
the sixth and seventh pairs of gangla being very 
short. Hach pair of thoracic ganglia gives off a pair of 
stout nerves, which split into several parts, and supply the 
appendages. From the middle of the length of the 
commissures connecting the ganglia, nerves arise which 
innervate the muscles of the body. 

In Lrgia the abdominal ganglia are all fused into a 
single ganglionic mass (ab.g.) situated in the anterior 
region of the abdomen. In the Isopoda all stages are 
found, from the original separate condition of the 
abdominal ganglia to the fused condition occurring in 
Ligia. From the abdominal ganglion nerves arise, which 
supply the appendages and muscles of the abdomen; a 
large pair of nerves run from the posterior end of the 
ganglion to supply the uropoda. 

A small median nerve runs between the commissures 
connecting the thoracic ganglia from the sub-oesophageal 
ganglion to the seventh pair of thoracic ganglia. It has 
been termed the ‘sympathetic’ nerve, but there is no 
evidence that it is of such a nature. 


SENSORY ORGANS. 


The eyes.—As the eyes of the Lzgia oceanica are 
different from the eyes of other Isopods, which have been 
described by Parker, Beddard and others, their structure 
will be given in detail. 

They are compound and sessile, occupying almost the 
whole of the lateral region of the head. In the mature 
animal each eye consists of upwards of 500 ommatidia. 
The corneal cuticula is facetted. The corneal facets of the 
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central ommatidia are plano-convex, with the flat side 
internal; those in the peripheral regions have the inner 
side slightly convex also. 

In a single ommatidium (PI. IV.; fig. 1) the following 
parts can be recognised. The internal face of the corneal 
cuticular facet (corn. cut.) is covered with two thin cells, 
the subcorneal hypodermal cells (s.c. hyp.) The nuclei of 
these cells can be seen in the figure. Internal to these are 
the nuclei of the two cone cells. (nue. con.). Hach of the 
cone cells secretes a hemispherical transparent mass (con.), 
the two segments with their flat surfaces apposed form the 
cone. The cone cells surround the cone segments, and on 
the proximal side form two sub-cylindrical, transparent 
accessory cones (acc. con.), which is the most interesting 
and exceptional feature of this eye. The cone cells 
are surrounded by two pigment cells (pg.c.) which 
completely invest the upper half of each ommatidium. 
The retinula consists of six retinulae cells, and not seven, 
as stated by Beddard (1888). In this it agrees with 
Idotea ovata, which also has six retinulae cells (Parker, 
1891). The retinulae cells (ret.) have fibrillar axes which 
are continuous with those of the nerve fibres. The six 
nuclei of the retinulae cells are situated at their proximal 
ends (nuc. ret.). The rhabdom consists of six individual 
rhabdomeres, each rhabdomere (rh.) remaining attached to 
the retinula cell which forms it, and separate throughout 
its length from the other rhabdomeres. There is a dense 
mass of pigment (pg.) between each of the rhabdomeres 
and its retinula cell. This may have been formed by the 
retinula cell, which also contains a large amount of 
pigment, or it may have resulted from an intrusion of a 
process from one of the pigment cells. The latter view 
is probably the correct one. The nerve fibrils of the 
retinulae pierce the basement membrane (b.m.); those 
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of a single ommatidium fusing on the proximal side to 
form a single nerve fibre (ap. n. f.), which runs direct to 
the distal portion of the optic lobe. 


Sensory bristles.—On the flagellae of the large antennae 
there are a number of sensory bristles on each segment. 
These have been figured before by Nemec (1895). Each 
bristle (Pl. IV., fig. 5, s.6.) is enclosed by a sheath (sh), 
which is continuous with the rest of the cuticula (ctla.). The 
thick inner layer of chitin is pierced by a canal, the lumen 
of which is continuous with that of the bristle. From the 
bristle, by way of the canal, a number of delicate fibres 
(n. f.) run and communicate with a number of nerve fibres 
lying beneath the hypodermis (hyp.). These sensory 
bristles are probably the most important organs of sense 
which the animal possesses, as the antennae are con- 
tinually in use. Besides their undoubted tactile function, 
they may take the place of auditory organs. 


The inner of the two styles of the uropods, as 
described previously, are probably of a sensory nature. 


EXcRETORY SYSTEM. 


The excretory system may be studied in two ways—by 
feeding animals on food mixed with ammonium carminate 
or indigo-carmine, and by injecting aqueous solutions of 
these substances into the body cavity. The latter method 
is the most satisfactory, but should be supplemented by 
the first. The injections are made with a hypodermic 
syringe (or a pipette drawn out to a fine point). The 
animal is injected on the ventral side, at the base of one 
of the appendages, and may be killed from 3 to 48 hours 
after the injection and fixed in absolute alcohol or 
Flemming’s solution. 

The excretory organs of Isopods have been studied 
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by Bruntz (1904), with whose results my observations 
on Ligia oceanica are in agreement. ‘There are four 
kinds of excretory organs, two of which are nephrocytes, 
either grouped or scattered; the third is a definite 
nephridium, or ‘ kidney,’ and the fourth, certain cells in 
the hepatopancreas. 

The maxillary kidneys, or nephridia, occur in the 
basal portion of the second pair of maxillae. They 
consist of two parts—the saccule and labyrinth. The 
saccule is a slightly convoluted tube, which Vejdowsky 
considers is a remnant of the obliterated coelom. It is 
blind at one end, and opens at the other into the labyrinth. 
The cells forming the wall of the saccule are large and of 
excretory nature. The labyrinth communicates with the 
exterior by an aperture at the base of the second maxilla. 

The cephalic nephrocytes are situated at the bases of 
the first antennae. They occur along the ventral and 
lateral sides of the levator muscles of these appendages. 
These cells are fairly large; the protoplasm is homo-_ 
geneous and contains a number of granules. 

The branchial nephrocytes occur in the abdominal 
region, dorsal to the attachment of the branchiae. There 
are five pairs of groups of branchial nephrocytes. They 
are situated in two lateral lines, each line running above 
the points of attachment of the abdominal appendages, 
and their outer edges reach the bases of the epimeral 
plates. Hach group borders on two segments, the first 
group bordering on the last thoracic and first abdominal 
segment. The nephrocytes he on the sides of the branchio- 
pericardial canal (Pl. II., fig. 16, br. neph.). They are 
large cells, and the cytoplasm, which is vacuolated, 
contains many granules. Némec considers the branchial 
nephrocytes to be a syncytium, but the cell boundaries 
are very distinct, as Bruntz also noticed. | 
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Bruntz found that certain small cells of the 
epithelium of the hepatopancreas, called ‘ Fermentzellen ’ 
by Weber, pass coloured solutions such as acid fuchsin 
from the body cavity into the lumen of the duct and are 
excretory in nature. 


REPRODUCTIVE ORGANS. 


The reproductive organs of Ligia oceanica are simple 
in structure. In the male (PIL IV., fig. 4) there are three 
pairs of elongate fusiform testes (¢.), each being prolonged 
into a fine filament. They are situated dorsal to the 
intestine in the second and third thoracic segments. The 
three testes of each side are placed in series, and open into 
a vas deferens (v.d.) of uniform width throughout the 
greater part of its length. The vasa deferentia are usually 
white and extended. They are situated on the dorso- 
lateral sides of the intestine, and extend in a horizontal 
direction to the seventh thoracic segment. In this 
segment they narrow abruptly to form two narrow ducts, 
which curve ventrally round the hepatic tubules; each 
opens at the base of a styliform appendage (st. ap.) 
situated on the ventral side of the seventh thoracic 
segment, on one side the median line. The testes are 
divided by slight constrictions which indicate different 
regions of spermatogenesis in the interior. In the 
process of spermatogenesis the spermatids unite in varying 
numbers to form colonies, their cell walls disappearing. 
The nuclei elongate considerably, and very fine fibres are 
formed which may be attached to the nuclei, but on 
account of their extreme tenuity the writer is unable to 
be certain on this point. Miss Nichols found the same 
difficulty in the spermatogenesis of Oniscus asellus. The 
whole sperm colony, as it may be termed, together with 
the cytoplasmic fibres, is surrounded by a protoplasmic 
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sheath. The anterior end of this is flagellate, and by 
contractions of the slightly muscular walls of the testis it 
is forced into the vas deferens. Here the sperm colonies 
are found bound together in masses (PI. IV., fig. 5). The 
substance which causes this cohesion is probably secreted 
by a number of large cells which are situated in the 
anterior end of the vas deferens near the openings of the 
testes. 

In the female the ovaries are very conspicuous in the 
breeding season, entirely filling up the dorsal part of the 
body cavity. They he at each side of, and beneath, the 
heart, and extend from the first thoracic segment to about 
the fourth abdominal segment. They are usually filled 
with eggs of approximately the same size. A_ short 
distance behind the middle of the ovary a thin walled 
oviduct is given off. This opens to the exterior by a small 
longitudinal slit at the base of the fifth pair of pereiopods, 
immediately at the base of the brood pouch lamellae, these 
being the last pair of brood pouch lamellae. 

The ova are large, oval in shape, and contain a large 
amount of yolk. In copulating, the male walks on to the 
back of the female and grasps the anterior thoracic 
segments with the first three pairs of pereiopods; 
copulation may last one or more days. After the eggs 
are extruded, they are carried about by the female in the 
brood pouch, where they develop; the young remain for 
a short time im the brood pouch. 


DEVELOPMENT. 


The development of Ligia oceanica has been studied by 
Nusbaum. According to Nusbaum, the early cleavage 
is discoidal, although MecMurrich has found superficial 
or centrolecithal segmentation in the Isopods which he 
has investigated. The first cleavage cell becomes separated 
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from the rest of the yolk and lies on the periphery, where 
it continues to divide, and so forms a cap of blastoderm 
cells, no cleavage cells remaining in the food yolk. The 
starting point corresponds to the point where invagination 
takes place later, that being at the posterior end of the 
ventral side of the embryo. 

After the formation of the blastoderm a thickening 
is formed, corresponding to the future ventral side. This 
thickening is the germ disc. Shortly afterwards, three 
divisions of the germ disc make their appearance. Two 
anterior paired portions (PI. IV., fig. 6, a.m.) represent the 
formative region of the mesoderm; a median thickening 
(end.) situated posterior to, and between these, represents 
the fundament of the endoderm. The germ band is next 
formed by a probable forward growth of the mesoblast 
rudiments below the ectoderm, the ectoderm increasing in 
thickness. Three pairs of buds arise; these are the 
rudiments of the limbs, and this stage (Pl. IV., fig. 7) 
corresponds to the Nauplius stage. Behind these rudi- 
ments, and in front of the anal aperture, is a mesoblastic 
area, termed the formative area (f.z.), from which the 
remaining segments of the body will develop. The 
arrangement of the mesoderm cells in the formative area 
is extremely regular. 

At the beginning of the formation of the mid-gut a 
number of cells (vitellophags) leave the endoderm and 
wander inwards; they do not take any part in the forma- 
tion of the mid-gut, but assist in the disintegration of the 
yolk. The mid-gut is formed from two layers of cells 
which arise from the endoderm rudiment; these lie below 
the germ band, and gradually grow round the yolk, each 
being concave on its inner surface. By means of a ventral 
median piece they unite in the anterior region, and finally 
enclose the yolk by growing round to the dorsal side, so 
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that the yolk becomes surrounded by mid-gut epithelium. 
Two flask-shaped vesicles are constricted off on each side 
of the anterior end of the mid-gut. These are the 
rudiments of the hepatic tubules, which are formed by 
their backward growth, and a longitudinal constriction 
and division of each rudiment into three parts. 

The rudiments of the thoracic limbs are biramous 
(Pl. IV., fig. 8), a fact which is used in support of the 
theory that the Crustacea have descended from a schizo- 
podous ancestor. In Zzgia the inner limb (endopodite) 
alone develops, the exopodite being suppressed. 

The nervous system arises as a continuous whole from 
the ventral thickening of the ectoderm between the limb 
rudiments. The thoracic ganglionic rudiments are paired, 
but those of the abdominal segments are unpaired. Three 
pairs of ganglia form the supra-oesophageal ganglion, 
namely the optic, first and second antennal. The sub- 
oesophageal ganglion is formed by the fusion of four pairs 
of ganglha—the mandibular, first and second maxillar and 
the maxillipedal. There are rudiments of seven ganglia 
in the abdomen; rudiments also of seven pairs of 
abdominal appendages are originally formed. 

The heart is formed by the fusion of two dorso- lateral 
layers of cells, crescentic in section, and lying dorsal to the 
eut. The limbs develop successively from before back- 
wards. In the earlier stages of development the embryo 
has a dorsal curvature, but later it becomes ventral. On 
hatching, the young isopod possesses six pairs only of 
thoracic appendages, which are imperfectly segmented, 
and not setose; the cephalic region of the young animal is 
large in proportion to the rest of the animal. It leaves 
the brood pouch of the female, and after several moults 
attains the adult form. 
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EXPLANATION OF PLATES. 


Puate I. 


Ingva oceanica (Linn.), dorsal view, x 4. 


Fig. 1. 
Big...2. 
Pig. 3. 
Fig. 4. 
Fig. 06. 
Fig. 6. 
Bis 7. 
Fig. 8. 
Fig.) 9. 
Fig. 10. 
Fig. 11. 
Fig. 12. 
Fig. 13. 
Fig. 14 


PuateE II. 


First antenna seen from the side: much 
enlarged. 

Second antenna of left side seen from above. 
Left mandible seen from below. 

Teeth and molar process of mandible from the 
posterior side. 

First maxilla of left side. 

Second maxilla of left side. 

Left maxillipede. 

First pereiopod of male. 

Seventh pereiopod of male. 

Second abdominal appendage (or pleopod) of 
left side of male, showing copulatory style; 
anterior view. 

Fourth abdominal appendage (pleopod) of male, 
posterior view, showing the inner lamella. 
Third pereiopod of female, attached to the 
epimeral plate, showing one of the brood pouch 
lamellae arising from the sternum internal to 
the appendage. 

Fourth abdominal appendage of female, 
anterior view. The inner lamella can be seen 
by transparency; also the afferent (a.b.v.) and 
efferent (e.b.v.) branchial vessels. 

Uropod, showing sensory process at the tip of 
the inner “tyle. 
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Fig. 15. 


Riese: 


Fig. 17. 


Interior of the right side of the stomach. The 
stomach has been opened by a vertical section, 
a little to the right of the median line so that 
the median ventral tooth has been removed. 
The greater part of the cardiac region of the 
stomach is surrounded by a layer of connective 
tissue. (a./.t.) antero-lateral tooth; (d.J.) dorsal 
lamella; (hep.) hepatopancreatic tubule; (/.¢./.) 
lateral cardiac lamella; (/.c.t.) lateral cardiac 
tooth; (m.a.t.) median anterior tooth; (oes.) 
oesophagus; (v./.t.) ventro-lateral tooth; 
(v.l.p.l.) ventro-lateral pyloric lamella; (v.c..) 
ventral cardiac tooth. 

Transverse section through the abdominal 
region. The abdominal appendage of the left 
side is omitted. (ad. tzss.) adipose tissue cells; 
(b.c.) body cavity (haemocoel); (br. neph.) 
branchial nephrocytes; (br. p.¢.) branchio- 
pericardial canal; (d.d.m.) dorsal longitudinal 
muscles; (epim.) epimeron; (At.) heart; (af. 
lam.) inferior lamella of gill; (dev. m) levator 
muscle of appendage; (mid. gq.) mid-gut; (p.c¢.) 
pericardium; (sep.) septum forming floor of 
pericardium; (swp.lam.) superior lamella of 
gill; (ty.) typhlosole; (vl. hep.) ventro-lateral 
hepatopancreatic tubule; (v. hep.) ventral 
hepatopancreatic tubule; (v.d.m.) ventral 
longitudinal muscles. 

Transverse section of two of the rosette-like 
salivary glands. The left section shows the 
common duct (¢.d.) of the glandular cells, 
formed by the uniting of the imtracellular 
ducts (ic. d.); n.c.d. is the nucleus of the cell 
which probably forms the common duct. 
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Puate III. 


Fig. 1. Dissection of the arterial system from the dorsal 
side. The main arterial trunks are drawn 
somewhat larger than they are naturally. For 
the sake of clearness, details of the anatomy 
have been omitted. (ab.art.) abdominal 
artery; (cer.g.) cerebral ganglion; (er. art.) 
crural artery; (ep.art.) epimeral arteries; 
(gen. art.) genital artery; (hep. art.) hepatic 
arteries; (At.) heart; (cnt.art.) intestinal 
artery; (lat.art.) lateral artery; (med. ao.) 
median aorta; (op.a.) ophthalmic artery; 
(ost.) ostium; (vent. art.) ventral artery; (i-v11) 
thoracic arteries. 

Fig. 2. Artertes of the left side of ventral surface of 
head and first thoracic segments. (ant. art.) 
antennal artery; (fac.art.) facial artery; 
(mand. art.) mandibular artery; (ma’.) artery 
of first maxilla; (ma".) artery of second 
maxilla; (mw#p:) artery of maxillipede; (oes. 
art.) oesophageal artery. Other references as 
in the preceding figure. 

Fig. 3. Afferent vessels of the superior lamella of one 
of the abdominal appendages injected with 
indigo-carmine from the sternal sinus. 

Fig. 4. The nervous system, seen from above after the 
removal of the muscles and viscera. (ab. g.) 
abdominal ganglion; (ant.n.) antennary 
nerve; (g.n.) nerve to stomach; (med.n.) 
median nerve; (m.p.n.) nerves of mouth 
appendages; (op./.) optic lobes; (swb-oes. g.) 
sub-oesophageal ganglion; (TZh'.g.) _ first 


thoracic ganglion. 
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Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
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Puate LY. 


Longitudinal section of a single ommatidium. 
(Drawn with the camera lucida.) (acc. con.) 
accessory cone; (b.m.) basement membrane; 
(con.) cone; (corn. cut.) corneal cuticula; (nue. 
con.) nucleus of cone cell; (nue. ret.) nucleus of 
the retinular cell; (op. n. f.) optic nerve fibre; 
(pg.) pigment; (pg.c.) pigment cell; (ret.) 
retinular cell; (rh.) rhabdomere; (s-c. hyp.) 
sub-corneal hypodermal cell. 


Transverse section of ommatidium showing the 
six retinulae cells and their rhabdomeres. 


Longitudinal section through the cuticle of a 
segment of the flagella of the second pair of 
antennae to show a sensory bristle and its 
nerve supply. (cA.) thick layer of chitin; 
(ctla.) cuticula; (hyp.) hypodermal layer; (n.f.) 
nerve fibrils; (s.b.) sensory bristle; (sh.) sheath 
of sensory bristle. 

Generative organs of the male. (t.) testes; 
opening into (v.d.) the vas deferens, which 
opens externally by the styliform appendages 
(Siaps\ee 

A collection of ‘sperm-colonies’ as they are 
found in the vas deferens, in the cohesive 
substance secreted by the latter. 


Harly stage in the development of the egg, 
showing the cleavage of the germ disc into the 
two antero-lateral mesoderm fundaments (a.m.) 
and the median posterior endoderm fundament 
(end.). 

The ‘nauplius’ stage of the development of 
Ingia, showing the three naupliar appendages. 
(1.a.) and (2.a.) the first and second pairs of 
antennae, and the mandibles (mand.); (end.) 
endoderm fundament; (f.z.) formative zone; 
(op.) optic lobe. 

A later stage in the development, showing the 
elongation of the formative and the formation 
of appendages, also the rudiments of the 
ganglia. (an.) anus; (1. and 2. mz.) first and 
second pairs of maxillae; (map.) maxillipedes. 


The last three figures are after Nusbaum. 
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Report on the INVESTIGATIONS carried on during 1906 
in connection with the LancasHirE SEA-FISHERIES 
Lasoratory at the University of Liverpool, and 
the Sra-FisH HatcHery at Piel, near Barrow. 

Drawn up by Professor W. A. Herpman, F.R.S., Honorary 

a Director of the Scientific Work; assisted by Mr. 

ANDREW Scott, A.L:S., Resident Fisheries Assistant 

at Piel; and Mr. James Jounstone, B.Sc., Fisheries 

Assistant at the Liverpool Laboratory. 


(With plates, charts and figures in the text.) 
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14. Notes on Food of Fishes (J. J. ) - - : - - 316 
15. Bacteriological Investigations (J. J.) - : - 328 


INTRODUCTION AND GENERAL ACCOUNT 
OF THE WORK. | 


During 1906 the system of quarterly reports which 
was referred to in the Introduction of the last Annual 
Report has been continued with the view of bringing the 
more important matters dealt with in the laboratory 
before the notice of the Scientific Sub-Committee with as 
little delay as may be, and has also served to keep the 
Committee generally better informed as to the progress of 
the scientific work. 

The Board of Agriculture and Fisheries have sent 
various specimens to the Liverpool laboratory to be 
examined. Their Inspectors have visited the laboratory 


H 
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more than once during the year, and a report on the work 
carried out has been furnished, at their request, to the 
Board. 

A considerable part of the work is of a routine nature 
and does not differ much from that reported on last year. 
Mr. Scott has been chiefly occupied at Piel with flat-fish 
hatching, with the fisheries classes, and with making as 
complete an estimate as possible of the minute floating life 
in the sea all over the district. Mr. Johnstone’s chief 
~ work has been, as usual, the conducting of the fishermen’s 
classes at Piel, the bacteriological examination of samples 
of shellfish, as required, and the investigation of the 
parasites and diseases of fish in the Liverpool laboratory. 
The marked fish experiments, the Hensen net experiments 
and the collection of the hydrographic samples have also 
occupied part of the time of both Mr. Johnstone and 
Mr. Scott. Some of these lines of inquiry will be 
commented upon now, and others will be found discussed 
more fully in the sections of the report that follow. 


Fruat-Fiso HatcHina. 


Mr. Scott’s report shows that nearly 14 millions of 
plaice and flounder fry were distributed last season. As 
I have already pointed out on previous occasions, our 
numbers in this output do not, and cannot, increase. ‘The 
really quite inadequate provision of tanks at Piel is 
strained to the uttermost, as many plaice and as many 
flounders are accommodated as can possibly be kept 
healthy. I am satisfied that Mr. Scott is doing all that 
can be done in the matter, and that until a spawning pond 
and a better equipment of hatching tanks is provided there 
is no hope of increasing the output. 

I may remind the Committee that in the Port Erin 
Hatchery we have a second establishment adding annually 
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to the stock of young flat-fish in the Irish Sea. Last 
spring over five million plaice fry were hatched from six 
million eggs and were successfully set free in the open 
sea to the south and west of the Isle of Man. 

As before, a certain number of the larve have been 
left throughout the summer in the open-air spawning 
pond at Port Erin and reared through their metamorphosis 
into young plaice. It is very interesting to note that 
of these young fishes, all of the same age, while 
those left in the larger pond, under more natural 
conditions, had attained by September (say five months’ 
growth) a size of up to nearly five inches in length (the 
average of 12 being 34 inches), a few that had been placed 
on exhibition in the Aquarium in a white enamelled 
basin, although regularly fed, in the same time grew to 
only one inch. A few thousand put in the smaller 
western part of the pond were sampled on October 3rd, 
162 days after hatching. Twelve taken at random varied 
in length from 14 inch to 22 inches, the average length 
being 12 inch. 

The classes for fishermen at Piel laboratory have been 
held as usual, and with the usual success. The details 
are given in Mr. Scott’s Report below. 


SEA4-FisH Hatcuing in Norway. 


I print two interesting statements sent to me by 
Captain Dannevig and Mr. K. Dahl, dealing with the 
supposed results of adding artificially hatched cod larve 
to certain Norwegian fjords. These investigators not only 
write from very different points of view, but unfortunately 
they do not deal with exactly the same series of observa- 
tions, so that it becomes difficult to compare their results, 
and, in fact, on a superficial examination it might be 
supposed that no correspondence could be traced between 
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the two series of statements. If, however, we remove the 
additional observations dealt with by Mr. Dahl, and which 
were apparently not a part of the joint enquiry agreed 
upon, some facts remain in common, although-they may 
be interpreted in different ways. For example, Dannevig 
shows that in 1903, before his Flodevigen larve were 
liberated, the Sondeled Fjord yielded 426 cod larve (to 
over 100 hauls of the seine =4 per haul), while the two 
following years (after the planting of the fry), averaged, 
gave 1,328, or about 13 per haul. Removing the July- 
August observations, which do not appear in Danneyig’s 
experiments, these numbers agree with what is shown in 
Dahl’s table, and indicate an increase to about three 
times the amount. In the case of the Hellefjord, where 
smaller numbers were dealt with, the correspondence 
of results is not so clear, and some further explanation 
is perhaps necessary; but, averaging both localities, 
Dannevig shows the increase after planting to about 
double the quantity, which is represented graphically in 
his diagram. Captain Dannevig, of course, attributes 
the increase to the liberation of the artificially hatched 
larve, while Dahl from his additional observations with 
tow-nets, &., comes to the conclusion that the cod eggs 
and larve naturally present are so affected in their 
abundance and distribution by currents in the water 
which vary from year to year, that the fry added can have 
no appreciable effect, and that such increases or decreases 
as may be noted from year to year are due to natural 
reproduction and hydrographic influences. The impres- 
sion produced by reading these two papers is, I think, 
that the observations are still too few to lead to any sure 
conclusions; but it may be useful to point out that, even if 
Dahl’s interpretation is correct, it does not follow that 
Dannevig’s operations are useless. If the addition of 50 


SEA-FISHERIES LABORATORY. 105 


or 60 millions of young cod adds to the stock in that fjord, 
the benefit may be great even if from other causes the 
average per haul in the following year shows a decrease. 
An addition has been made to the natural stock of fry— 
whatever that is—and that may well have a beneficial effect 
upon the future population whatever, as the results of 
various factors, that may come to be. 


PLANKTON INVESTIGATIONS. 


During the past year a larger number of plankton 
gatherings have been obtained by tow-nets than ever 
before, and these have been very carefully examined by 
Mr. Andrew Scott. Four hundred gatherings in one year 
from a limited area like the Irish Sea ought to give useful 
information, and the value of the series is increased by 
the fact that in so many cases we have gatherings taken 
from different parts of the area on the same day, 
amounting to practically simultaneous observations. The 
advantage of having several centres of work in the district 
—the steamer, the bailiffs, Piel and Port Erin--from which 
observations can be taken is obvious in an enquiry like 
this; and Mr. Scott’s lists and tables given below will be 
seen to be an interesting contribution to a subject that is 
still imperfectly known. Before any far-reaching con- 
clusions can be drawn from plankton gatherings it is clear 
that we must be sure what it is that our nets are catching, 
and how far the samples caught on different days or at 
different localities or with different nets are comparable, 
and can be said to be representative of any time or place. 
With a view of testing such points I chartered a small 
steamer for two months last summer and took almost daily 
gatherings, with several different kinds of tow-nets, 
during August and September. In all, about 80 samples 
were collected in 40 days, and the main result is to show a 
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puzzling diversity, which indicates that further work is 
necessary.* I hope to continue this work myself from a 
small steam-yacht during the coming spring and summer. 
In addition to the equipment previously used I have 
— recently obtained a Nansen closing deep-water tow-net with 
which observations will also be taken. 

Dr. Travis Jenkins has recently arranged to permit 
of the steamer taking periodic trips along a fixed line for 
the purpose of obtaining gatherings with the large Hensen 
quantitative net. These trips will take place monthly, 
the line of stations is from Piel Gas buoy to the Great 
Orme Head, and Mr. Scott will carry on the work. The 
series was started in January, 1907, and the second trip 
is now taking place. 


HyYDROGRAPHICAL OBSERVATIONS. 


The scheme of hydrographic observations which was 
proposed in the Introduction to the last Annual Report 
was duly sanctioned by the Committee, the necessary 
apparatus was obtained, and the practical work was 
started in summer. ‘The observations are carried out by 
Mr. Johnstone on the steamer, and the samples of sea- 
water obtained are analysed in the laboratory by Dr. 
Basset, to whom we are very much indebted for the time 
and trouble he is kindly giving to the work. It is too 
soon yet to come to any conclusions, so I merely place on 
record the following list of observations made : — 

Three cruises were made during 1906 :— 

(1) 4-5 July, 1906. 
(2) 18-19 Sept., 1906. 
(3) 13-14 Nov., 1906. 


* A fuller account of these observations was given in an address 
delivered to the Biological Society, and published in the Annual 
Report of the Liverpool Marine Biology Committee in December. I 
do not repeat the information here because I am convinced that 
further work is required and that I shall be able to give a better 
account of the whole subject by waiting till next year. 


SEA-FISHERIES LABORATORY. 107 


On each cruise two lines of stations were worked :—— 


(1) Piel Gas Buoy, Walney Ch. to Maughold Head. 
(2) Calf of Man to Holyhead. 


Four “ stations’ were worked on each line : — 
(1) 6 miles N.W. from Piel Gas Buoy. 
(2) 1 5 o 
(3) 2s ee o . 
(4) 32 9 29 9 29 

and (5) 7 miles S. by W. from Calf of Man. 
(GG) oar 6 a i 
Ginzo ,, e 32 a 
(3) 3 x ' 


It was decided that observations should also be made 
in Carnarvon and Cardigan Bays during the third cruise, 
but bad weather prevented these from being carried out. 


BACTERIOLOGICAL Work. 


A good deal of Mr. Johnstone’s time has been 
occupied with questions of sewage contamination of shell- 
fish beds on the Lancashire and North Wales Coasts. The 
investigation of such cases, both on the ground, where 
adequate samples have to be taken, and also subsequently, 
as a matter of bacteriology in the laboratory, is of very 
ereat importance and some difficulty. The responsibility 
attaching to such work is very great, because of the 
possible danger to public health on the one hand, and the 
possibility of injuring a prosperous industry on the other. 
The Scientific Sub-Committee have had several carefully 
considered reports from our laboratory during the year, 
and the results of Mr. Johnstone’s examination of the 
Morecambe and the Conway mussel beds are given below. 
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OTHER WorRK. 


The experiments with marked fish are fully discussed 
in Mr. Johnstone’s article below, and the other sections of 
this report dealing with the Parasites and the Food of 
fishes, the Ichthyological notes and the Faunistic notes | 
explain themselves and require no further comment. 


As the present winter is a critical time in the history 
of sea-fisheries research in this country—on account of the 
approaching termination of the five-year period of the 
International North Sea Investigations, and the hope 
that on the conclusion of that work Government may be 
willing to subsidise similar work on other parts of the 
coast—I have thought it desirable to draw up, for the 
information of the Committee, a statement of the present 
situation, as it now appears to me. I print this article on 
‘“‘Sea-Fisheries Research in England” with the view, not 
of criticising any particular plan or piece of work, but of 
pointing out that the present juncture seems to give an 
opportunity of uniting all interests round the three coasts 
of England in a comprehensive national scheme. 


W. A. HERDMAN. 


FIsHERIES LABORATORY, 
UNIVERSITY OF LIVERPOOL, 
February 5th, 1907. 
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SEA-FISHERIES RESEARCH IN ENGLAND 


(A statement bearing on the present situation). 


By W. A. Herpmay, F.R.S. 


The position of this country in connection with Sea- 
Fisheries investigations at the present juncture is most 
interesting; and the decision which H.M. Government will 
be called upon to make, early in 1907, as to the measure 
of official recognition, control and support to be given to 
such investigations on different parts of the coast will be 
of unusual importance, since it cannot but have a 
profound effect upon future work and _ knowledge 
bearing on fishery questions. In the recent history of the 
subject the only period approaching the present in 
interest and importance is the winter and spring of 
1901-2. It may be useful to recall that at that time, five 
years ago, two quite unusual events had taken place. 
One of these was the announcement, on January 3lst, that 
the then Government had given its adhesion for a period 
of several years to the International Scheme of North Sea 
Investigation; and the second was the presentation to 
Parliament, and subsequent publication, of the Report of 
a Committee of Government Officials, Fisheries Experts, 
and Zoologists, to whom had been referred the whole 
question of scientific investigations in connection with 
British Sea-F isheries. 

This latter body, the “Ichthyological Research 
Committee,” was appointed by the President of the 
Board of Trade (the Government Department which at 
that time included Fisheries) in August, 1901, and 
meetings for the examination of witnesses and discussion 
of results were held during the twelve months to 

I 
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September, 1902. The Report of the Committee, which 
was issued as a Parliamentary paper about the end of the 
year, recommended a comprehensive National Scheme of 
imvestigation centring, as regards England, in the 
Government Department, co-relating and uniting the 
energies of the various administrative and investigating 
bodies, and giving the necessary support to a marine 
jaboratory on each of the three coasts. 

Legislative action upon these various recommen- 
dations was, however, postponed, because the Govern- 
ment had meanwhile become engaged to participate 
for a period of years in the International scheme 
of investigations; but the Report of the Ichthyological 
Committee was received with marked approval by most, 
if not all, of the Sea-Fisheries Authorities of England and 
Wales; and in answer to representations made at 
successive annual statutory meetings, the President of 
the Board (formerly of Trade, latterly of Agriculture and 
Fisheries), in the chair, has stated on the various occasions 
that at the conclusion of the limited period for which 
the International work had been guaranteed, the question 
of a National Scheme would be considered, and the claims 
of the Local Sea-Fisheries Districts would then receive 
attention from the Government. 

For example, larl Carrington, the present 
President of the Board of Agriculture and Fisheries, 
at the meeting in the House of Lords on 14th June, 
1906, after expressing his sympathy, stated that 
he “would leave no stone unturned” in trying to 
get from the Treasury some money for such a National 
Scheme as was desired, and he ended by appealing to the 
Local Authorities present to give him all the support in 
their power when the time came [see Bluebook, Cd. 3063, 
p. 10]. Within the next few weeks is clearly the 
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proper time for compliance with Lord Carrington’s 
request, since the five-year period of the International 
work expires in July, 1907, and if any part of the money 
then set free is to be secured for Local Sea-Fisheries 
investigation it ought to be included in the estimates 
which will shortly be prepared for Parliament. Under 
these circumstances, it seems desirable that a somewhat 
detailed statement should be made, avoiding as far as 
possible critical and controversial matters, but setting 
forth plainly the present position and the alternatives 
that are now placed before the country. 


Tut INTERNATIONAL SCHEME. 


Some years ago a group of distinguished foreign 
meteorologists and biologists put forward a scheme for 
international co-operation in the hydrographic and 
biological investigation of certain North-Huropean seas 
(North Sea, Baltic, Norwegian Sea, &c.), in the hope that 
the data thus acquired might throw light upon weather 
prognostication in the interests of navigation and 
commerce (a matter of some importance to the more 
northern nations) as well as upon the conditions and 
prospects of the fishing industries in those seas. ‘The 
matter was taken up by the Swedish Government, and on 
their invitation Great Britain, Germany, Russia, and 
other countries bordering upon the North Sea and the 
Baltic, agreed to participate in the investigation 
and to contribute towards the expenses of a central 
organisation. 

Great Britain, however, only consented in the first 
instance to take part in the work and contribute 
to the expenses for a period of three years; but 
later on the time was extended so as to complete the five 
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years for which other nations were pledged, but at the 
same time it was made clear to the International Council 
that our Government did not contemplate any further 
continuance of the work. (“‘ The delegates are requested 
to impress upon their foreign colleagues that it is not the 
intention of His Majesty’s Government to participate in 
the investigations on the present footing after 22nd July, 
1907.”—Blue-book Cd. 3165, p. 9). 

The cost has been great—the British share of 
the total expense amounted to about £70,000, or £14,000 
per annum, of which £5,500 was allotted to work done off 
the Scottish Coasts and £5,500 to that on the East and 
South Coasts of England—the remainder being required 
for expenses of administration and the central organisa- 
tion. No part of the money was expended on Ireland, 
nor on the Western Coasts of England and Wales. The 
Scottish portion of the work, it was arranged, should be 
carried out by the officials of the Fishery Board 
for Scotland under the Scottish Office; and the 
Knghsh portion by the Marine Biological Association, a 
well-known scientific body controlled by a council of 
between 30 and 40 members, under the presidency of 
Professor Ray Lankester, and having a large laboratory 
and headquarters at Plymouth, with a smaller branch 
establishment at Lowestoft for the special purposes of the 
International work. 

The Local Sea-Fisheries Committees around the coasts 
of England had no part in the work, nor had the Govern- 
ment Department chiefly concerned in the subject (hg 
Board of Agriculture and Fisheries). 

The International investigations have been controlled 
by a Council (“Conseil Permanent International pour 
Exploration de la Mer’’), the Executive of which is a 
“ Bureau,” having its seat at Copenhagen and its Central 
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Laboratory at Christiania. The Bureau consists of an 
mner circle of three ordinary members, viz.: — 

Dr. W. Herwig (Germany) as President, 

Dr. O. Pettersson (Sweden) as Vice-President, 

Dr. P. P. ©. Hoek (Holland) as Secretary ; 
and an outer circle of four extra-ordinary members, 

Capt. Drechsel (Denmark) as Hon. Treasurer, 

Dr. F. Nansen (Norway), Director of the Laboratory, 

Prof. O. von Grimm (Russia), and 

Prof. D’Arcy W. Thompson (Scotland). 

Thus Great Britain is not represented on the inner circle, 
and England has no representation even on the outer 
body, although HEngland’s interests in the North Sea 
Fisheries are admitted to be paramount. 

The International investigations have been carried 
on with energy and enthusiasm for the last four and a 
half years, and the reports that have already appeared— 
including “ Rapports et Proces-verbaux,” “‘ Bulletins des 
Résultats,” “* Publications de Circonstance ” issued by the 
“Conseil Permanent International,” and the Blue-bocks 
and other publications of our own and other Governments 
—form an enormous body of literature, containing much 
that is of the greatest interest to scientific men, and some 
of which will, no doubt, one day find its place in a 
scheme of knowledge that is useful in connection with 
practical fisheries questions. 

It is scarcely necessary to point out that a clear 
distinction can be drawn between a scheme of investi- 
gation (1) as a piece of pure scientific research, and 
(2) as a practical enquiry which will solve within a giver 
time and by given means questions of importance tc 
particular industries. Of the interest and importance, to 
science, of the International work as a piece of pure 
research there ought to be, and probably there is, ua 
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doubt. We must all be in sympathy with the work from 
that point of view. It is oceanographic research of the 
most desirable and fascinating kind, which is bound to 
yield qualitative results of great interest to biologists— 
and probably also to hydrographers. But there is the 
greatest difference between (1) such qualitative results 
which add eertain new facts to science, and in regard to 
the economic importance of which all that can be said is 
that each and every scientific fact will some day find its 
application ant may then become of commercial 
importance to mankind, and (2) immediate quantitative 
results given as the outcome of investigations directed to 
particular practical problems. Viewed as the former, 
the International results are valued contributions to 
science; the facts are useful whether few or many, whether 
they establish any definite principles or not, and the 
conclusions put forward are welcome if regarded only as 
scientific speculations which stimulate and suggest and 
may lead eventually to definite proof. It is when put 
forward as quantitative results directly applicable to 
practical questions that grave doubts arise as to the 
adequacy of the methods to solve the problems and 
as to the sufficiency of the observations to justify the 
economic conclusions. 

I have no desire to assume a critical aspect, or to 
try to find defects in the International or any other useful 
work. AI] such investigations must have defects, and I 
much prefer to appreciate the valuable contributions to 
scientific knowledge made by the International Council: 
they have added greatly to the sum of our data in the 
Hydrography and Biology of the North Sea. If those 
who prosecute and those who support this investigation 
will declare that they regard it as scientific research 
undertaken jointly with foreign savants with the object 
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of acquiring certain scientific data—which may, or may 
not, have a bearing upon fishery questions—then I, for 
one, will cordially approve of the enlightened action of 
our Government in endowing scientific research to that 
extent. But the British Delegates at the International 
meetings have made it quite clear that our country took 
part in the scheme with the expectation of obtaining 
practical results in the fixed period of years.* How 
unlikely it is that any such results will be obtained by the 
methods, in the time, can only be realised by those who 
have had considerable experience of the irregularity of 
distribution of fish and other living things in the sea, and 
the difficulty of obtaining samples that are truly repre- 
sentative of an extensive area. 

It is obvious that if we are to have the benefit that 
was promised from international co-operation, any 
conclusions arrived at should be put forward with the full 
authority of the International Council, and as the 
deliberate opinion of the united wisdom of the experts; 
but it is evident from the published results that a con- 
siderable amount of difference of opinion already exists. 
In both the hydrographical and the biological sections 
we find the conclusions of some of the investigators 
rejected by their fellow-workers | see Blue-book, Cd. 3165, 
p- 6, and paragraph 9 on p. 7; also Cd. 2966, p. 47]. Asa 
matter of pure science this is of no great importance, it 
may be helpful rather than harmful, since it tends to 
promote research and discovery; but when it 1s a question 
of conclusions that may be applicable to the industries 

* In the Report of the Christiania Conference, in 1901, we are told, 

under the heading ‘‘ Guarantees of Practical Results,’”’ that it was 
agreed ‘‘that the work of summarizing the practical results of the 
scientific explorations should not be left to the end of the five years’ 
period, but should be undertaken from year to year. Consequently, 


by now we ought to have the ‘‘practical results’’ of the first four 
years in our hands. 
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the case is very different. If any of these conclusions are 
lable to be made a basis for action by the Government or 
by any Fisheries Authority, they ought obviously to be 
subjected to the same open discussion and free criticism 
as would take place in the case of an ordinary scientific 
theory. This will, no doubt, be the case eventually with 
the International results, but in the meantime it 1s most 
undesirable that conclusions or opinions expressed 
authoritatively should be put forward unsupported by the 
detailed observations on which they are based. 


THe IcatrHyvotocicaL RESEARCH COMMITTEE. 


At the same time that Great Britain undertook to 
participate for a limited number of years in the Inter- 
national investigations, the Committee above referred 
to was sitting at the Board of Trade charged to 
report “as to the best means by which the -State 
or local authorities can assist scientific research as 
applied to problems affecting the fisheries of Great 
Britain and Ireland.” This Committee, which reported 
in 1902, consisted of four representatives of Government 
departments (the late Mr. 8. EH. Spring-Rice, of the 
Treasury; Mr. Pelham, of the Board of Trade; Sir. C. 
Scott-Moncrieff and Sheriff Crawford, of the Scottish 
Office); and four zoologists or fisheries experts 
(Mr. Walter E. Archer, of the English Fisheries Depart- 
ment; the Rev. W. Spotswood Green, of the Irish 
Fisheries Department; Professor J. Arthur Thomson, of 
Aberdeen; and Professor W. A. Herdman, of Liverpool). 

After the detailed examination of many witnesses 
representing science, the fishing industries, and all 
otber interests concerned, and some discussion of results, 
the four experts were requested by their colleagues to 
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draw up a Memorandzem as to the relations of the Inter- 
national scheme to the most pressing fishery problems and 
the methods to be adopted in the solution of such 
problems. This Memorandum was adopted by the 
Committee and is printed on p. xxu. of the Report (Blue 
book Cd. 1312). 

If the argument in this Memorandum of the 
Ichthyological Committee is correct, grave doubt is 
cast upon the validity of any results which might be 
obtained solely by methods proposed in the “ Christiania 
Programme ’’—the revised or second official programme 
of the International work. It is evident from an 
examination of the official publications of the Inter- 
national Council that some such doubts must at a later 
date have occurred to those engaged in the work. For 
example, in August, 1902, at the first meeting held after 
the memorandum above referred to had been presented, 
the Council resolved that it was not possible to undertake 
the biological portion of the “ Christiania Programme ” 
in its totality, and decided to restrict the investigation to 
certain problems [Cd. 1313, p. 102]. Again, in 1904, it 
was recognised that the methods hitherto adopted were 
inadequate for the solution of these problems, and the 
instructions to the British delegates [Cd. 2966, p. 382] 
caused still further alteration in the International 
programme. ‘Then, in 1905, the quarterly “ seasonal 
cruises” (in February, May, August and November), 
which were a very fundamental point in the original 
scheme, and which had been criticised in the Report of 
the Ichthyological Committee, were apparently recognised 
as being inadequate and were supplemented by more 
frequent observations [Cd. 2966, pp. 54, 172, 174, 175 
App. B, also Cd. 3165, p. 14]. 


Thus the progress of events during the last four 
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years has, on the whole, tended to show that the criticisms 
put forward in the Report of the Ichthyological Research 
Committee were well founded, and served to indicate the 
direction in which the International Scheme of work has 
required to be modified. Under these circumstances, we 
turn now with the more confidence to the constructive 
portion of that Committee’s Report in order to enquire 
how far the recommendations then made will meet the 
needs of the situation at the present juncture. The 
Committee recommended a National Scheme of fisheries 
research and organisation, into the constituent elements of 
which they entered in considerable detail. This scheme 
provides what has long been felt and often expressed as a 
great need in England, viz., a Central Fisheries Board, 
having at its command laboratories, vessels and scientific 
men on all the coasts, and it also endeavours to ensure the 
sympathy and utilise the energies of the District 
Committees, by giving them adequate representation on 
the Central Body and by delegating the work on the 
several coasts to the local investigators. 

The points dealt with in the Report are (1) Statistics, 
(2) Expert Staff, (38) Laboratories, (4) Vessels, (5) Central 
Authority, and (6) Co-operation with Scotland and 
Ireland; and the recommendations under these heads 
may be briefly summarised, with comments, as follows :— 

(1) Statistics —The Committee insist upon the 
necessity for much fuller and more accurate statistics as 
to the results of the commercial fisheries than are now 
supplied. Returns must be obtained from the masters of 
fishing vessels, and it is very desirable that full returns of 
all fish caught, giving the localities and other particulars, 
should be made compulsory. 

The official system of collection of fisheries statistics 
has been improved at many ports since 1902, but further 
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development around the coast generally is much to be 
desired. 

(2) Expert Starr.—In the first place a staff of 
trained assistants is required at the principal fishing 
ports to deal with the returns obtained from the boats, to 
inspect the catches landed and to select samples for 
further examination. Certain observations can be made 
and certain particulars noted by such assistants carrying 
on statistical work at the ports, but it is not suggested 
that they need be laboratory biologists. Then, secondly, 
the samples selected, along with the statistical and any 
other information, should be sent for more detailed 
examination to the recognised marine laboratory of that 
coast, there to be dealt with by the Director and his 
scientific assistants. 

(3) Lasoratories.—The Ichthyological Committee 
point out that “the fishery interests of the Hast Coast, the 
South Coast and the West Coast of England, respectively, 
are, to some extent, distinct,” and they propose that these 
three coasts should be treated independently, each having 
it own marine laboratory, staff of workers, surveying 
vessel, and representatives on the Central Authority. It 
is recommended that, if possible, arrangements be made 
so that (1) the Marine Biological Association Laboratory 
at Plymouth be officially recognised as the headquarters 
for scientific fisheries work on the South Coast, say from 
the Hstuary of the Thames to the Bristol Channel; 
(2) that the Liverpool Marine Biological and Fishery 
Laboratories be similarly the centre for work on the 
West Coast ; and (3) that a laboratory be established to 
perform similar functions on the Kast Coast. If the new 
Marine Biological Station which is now being erected at 
Cullercoats, in the Northumberland Committee’s District, 
had then been in existence, there can be no doubt that the 
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Ichthyological Committee would have recommended that 
that laboratory should be recognised as the centre for 


work on the East Coast. It is possible, also, that, under 
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Hic. 1. Sketch Map of the British Islands, for the purpose of indicating 
the position of the chief marine laboratories and sea-fish hatcheries, 
and the proposed division of the coast of Hngland into three great 
fisheries districts—The Hast coast, the South and the West. 


the conditions now existing, the recommendation might 
have been added that the Lowestoft Laboratory should be 
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taken over, if that is possible, from the Marine Biologicat 
Association, and should be the home laboratory of the 
Fisheries Department of the Board of Agriculture and 
Fisheries, in order to furnish the Government Depart- 
ment with the laboratories, experimental tanks and 
scientific assistants, without which the officials cannot be 
expected to carry on original investigations. 

On the other hand, if the view be held that the 
Government Department should not itself undertake any 
actual marine investigations, but should delegate such 
work to the different laboratories round the coast, a 
natural division of the area would be for the Marine 
Biological Association, with its laboratories at Plymouth 
and Lowestoft, to conduct the explorations from Cornwall 
to the Wash, while the District Committees North of that 
point, with the laboratory at Cullercoats, would undertake 
the remainder of the East Coast. The exact details of 
such divisions are not of prime importance, the essential 
point being that the Ichthyological Committee in making 
their recommendations in regard to laboratories for the 
three coasts made use to the fullest extent of existing 
institutions. 

(4) VussEts.—Hach of the three coasts, it is proposed, 
should have a research or surveying steamer of the type 
of a modern steam trawler, especially fitted up for 
scientific investigations and carrying on its work in 
connection with the laboratory of that coast. 

(5) Centra Autruority.—The Ichthyological Com- 
mittee recommend the formation of a “ Fishery Council 


+) 


for England,” consisting of representatives of (a) the 
Board of Agriculture and Fisheries, (6) the local Sea- 
Fisheries Authorities of the three coasts, and (c) the 
scientific men in charge of the three marine laboratories. 


This Fishery Council would be, to some extent, analogous 
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to the Fishery Board for Scotland, but more suitable in 
other respects to England, where strictly local fisheries 
are more common than in Scotland, and where local needs 
have to be more closely studied. The Council would, it 
is hoped, be so representative as to unite the various 
fisheries’ interests and ensure the co-operation of the 
different organisations, local and central, now working at 
fishery problems. It is suggested that the Fishery 
Council should meet monthly, or more often as occasion 
may require, under the Board of Agriculture and 
Fisheries, to formulate and control schemes of investi- 
gation, to receive reports on work done on the three 
coasts and co-relate observations, to recommend the 
allocation of grants to the laboratories, and, generally, to 
report to Government, through the Board of Agriculture 
and Fisheries, on the needs and results of the work carried 
on by the steamers and the laboratories. 

INTERNATIONAL Co-oPpERATION.—In order to 
secure uniformity of action between the Fisheries 
organisations in Jngland, Scotland and _ Ireland, 
to prevent overlapping of areas and of investi- 
gations, and to arrange as to any sub-division of 
work between the three countries, or with foreign nations, 
the Ichthyological Committee recommend that quarterly 
conferences should be held between representatives of the 
Fishery Council for England, the Fishery Board for 
Scotland and the Irish Fishery Department. “The 
meetings of this conference would give an opportunity to 
the members of the three Central Authorities to compare 
notes, to obtain information as to what is being done in 
the three countries, and to make suggestions to the three 
Central Authorities as to what particular work should be 
undertaken by each” (Report, p. xv.). It is only to this 
extent—Quarterly Conferences—that the Ichthyological 
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Committee have considered it practicable to constitute 
one Central Fisheries Department for the United 
Kingdom. We may quote finally paragraph 39 from 
the “Concluding Observations” of the Report:— 
“The Committee believe that by carrying out these 
recommendations the State would recognise, co-relate and 
control the work of the existing independent organisations 
in the United Kingdom, and would build up a scheme of 
Fishery Research of a thoroughly practical character, 
centring, as regards Hngland, in the Board [of Agri- 
culture and Fisheries |, and, at the same time, in intimate 
contact with the fishing trade, the District Committees 
and the scientific laboratories round the coast.” 


Tur PRESENT SITUATION. 


The adoption of these recommendations made in 1902 
by the Ichthyological Committee’s Report would, it is 
believed, satisfy the wishes and claims of the District 
Committees on the East and West Coasts, but it seems 
improbable that that course would satisfy the Marine 
Biological Association, and it is quite incompatible with 
a continuance of the International work as at present 
carried on. It seems doubtful, however, whether the 
officials of the Marine Biological Association desire that 
the International work should be continued under its 
present organisation. The Council of the Marine 
Biological Association have recently issued various 
circulars and reports, and have organised a deputation to 
the Chancellor of the Exchequer, asking H.M. Government 
to give them control, not merely of the whole amount they 
have been administering annually in the North Sea 
investigations, but also of an additional £2,000 a year for 
the Plymouth Laboratory, making a total annual grant of 
£8,000, with no limit of time specified, Jt is very 
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difficult, from these reports and the speeches of prominent 
members of the Council, to understand exactly what are 
the intentions or wishes of the Marine Biological 
Association in regard to the International Council and 
Bureau. They ask quite definitely to be allowed to 
continue the International investigations; but a passage 
in the speech by the Chairman of the MBA. 
Council suggests that they are contemplating the 
severance of their present connection with the 
International Council. If that is the case, it is surely of 
primary importance to all concerned in the discussion of 
these questions to know under what organisation they 
propose to work. If they do not desire to continue under 
the direction of the “‘ Conseil Permanent International,” 
are they prepared to adopt the recommendations of the 
Ichthyological Research Committee to such an extent as 
will satisfy the claims of the Sea fisheries District 
Committees of the East and West Coasts, or is it their 
intention to claim all the money that has recently been 
expended by England on the International work, and such 
additional grant as the Government may give, to spend 
after July on their own work under their own 
organisation, in independence alike of the International 
Council and of the constituted Sea-Fisheries Authorities 
around the coast? Surely their position in this matter 
should be made quite clear before their claim to the 
administration of the whole of the English portion of the 
International fund can be discussed. 

In one of the circulars that has appeared during the 
winter, it was suggested that the M.B.A. Council might be 
increased by allowing the Board of Agriculture and 
Fisheries, the National Sea Fisheries Protection Associa- 
tion, and the different Sea-Fisheries Committees, who 
have established marine laboratories for scientific 
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research, and, if necessary, other bodies concerned, the 
right to nominate one or more members of Council. 

Tt must be pointed out that although this may 
seem to be offering an opportunity to Sea-Fishery 
Committees of participating in the regulation and 
administration of Sea-Fisheries research under their 
scheme, it is not doing so im any real sense or 
on an adequate scale. The Council of the M.B.A. consists 
of about 388 members (including the President and Vice- 
Presidents, who have presumably a right to sit on 
Council), so that unless a considerable number of represen- 
tatives of, say, the Government department on the one 
hand and the Local Sea-Fisheries Authorities on the other, 
were added, so that oll elements were fairly balanced, no 
real power would be given. But such a greatly enlarged 
Council would be unwieldy and impracticable; in fact, 
the Council of the M.B.A., as it stands, is too large a 
body, besides being unsuitable in other respects, for such 
specialised work as is contemplated. 

The Marine Biological Association is a distinguished 
Scientific Institution, one of the primary purposes 
of which is the promotion of research in pure 
science and the higher education of young Zoologists 
from the Universities. Academically it helds a high 
position and its educational value in pure science might 
be of national importance. It is on those lines that, in 
the opinion of some of its own members and loyal 
supporters, it ought to develop rather than in connection 
with the fishing industries. As a scientific and educa- 
tional institution 1t is worthy of all possible encourage- 
ment and support, and it is to be hoped that H.M. 
Government will give a liberal subsidy to the Plymouth 
laboratory and other similar institutions for purposes of 
research in pure science, 
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But with the view of collecting, examiming and 
co-ordinating such scientific researches at different 
centres and of applying them to specific fishery 
problems, and of making use of the money set free 
by the termination of the international work and such 
other funds as H.M. Government can devote to this 
important national object, it is essential to have a small 
working body of experts such as was recommended in 
the Report of the Ichthyological Committee—men who 
have been, and are, actively and sympathetically in touch 
both with the various fishing industries and the various 
methods of scientific research that can be applied to them. 
As examples of such experts may be taken Prof. McIntosh 
and Dr. Fulton, in Scotland; Mr. W. S. Green and 
Mr. E. W. L. Holt, in Ireland; and Mr. Walter E. 
Archer, in London. The academic Zoologists on the 
Council of the M.B.A. are all eminent men in their 
own special lines of research, but would, most of them, 
I hope, be unwilling to lay claim to expert knowledge on 
fishery problems. | 

It is, surely, unfortunate in the interests of science 
that the Council of the Marine Biological Association 
should have recently appealed to scientific men in general 
at the Universities to sign a petition addressed to the 
Lords Commissioners of H.M. Treasury in support of the 
work carried on by the International Council and its 
continuance in the hands of the Marine Biological 
Association. It is probable that some, at least, of the more 
or less distinguished Zoologists, Botanists, Geologists, 
Physiologists, Pathologists, Astronomers, Chemists, 
Mathematicians and Anthropologists who have lent 
their names for this purpose have done so with very 
imperfect knowledge, if any, of the methods and results 
of the international work, and very possibly in complete 
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ignorance of the other side of the case as represented by 
the Local Sea-Fisheries Committees. 


District CoMMITTEES. 


The administration of the Sea-Fisheries around our 
coasts 1s now entrusted to District Committees, who, under 
the Baard of Agriculture and Fisheries, have large powers 
in regard to the supervision, regulation and promotion of 
the mdustries. Most of these Committees have under- 
taken some investigations, and a few of them have done 
much. They have secured the advice and assistance of 
scientific men, have helped in the establishment of marine 
laboratories, and have expended considerable sums upon 
investigations, both by special steamers and otherwise. 

It would, in my opinion, be a fatal mistake to do 
anything that would tend to discourage such excellent 
local effort or to divorce administration from scientific 
investigation. All sound regulation of the Fisheries must 
be based upon accurate and detailed investigation. As 
the administration has to be applied locally, the investi- 
gation must be conducted locally. Every part of the 
coast, every shellfish bed, has its own problems. It is 
impossible to apply general principles or results obtained 
elsewhere without an intimate knowledge of the local 
conditions. The Sea Fisheries Committees which have 
been conducting such local investigations have a strong 
claim, not, perhaps, to be relieved entirely of the expense 
of this necessary work, but to receive a _ substantial 
contribution from the national purse. The local effort 
has in some cases been very considerable, funds have been 
raised, services have been given gratuitously and the work 
has been carried on energetically and_ successfully. 
There is no reason to suppose that the local subsidies will 
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fail, but they ought to be largely supplemented. The 
District Committees have been urging their claims for a 
erant from the Treasury for at least five years, and have 
received many assurances of sympathy and of ultimate 
substantial help. 


The present juncture seems thus to afford an 
opportunity, such as has not previously occurred, of 
formulating a comprehensive scheme which will deal with 
all parts of the coast and unite all.interests. Anything 
approaching to a monopoly in science is most objection- 
able. There cannot be a monopoly in work, so there ought 
to be none in State recognition and support. The 
North Sea investigations are welcome additions to science, 
the work of the Marine Biological Association is worthy 
of all the support that can be given both by scientific men 
and by the Government, but neither of these organisations 
covers the whole ground, and any scheme which does not 
embrace the three seas of England and utilise to the full 
the various laboratories and Fisheries Authorities around 
the coast, more or less on the lines of the Ichthyological 
Committee’s Report, will fail to solve the present problem 
of Fisheries research in Great Britain. 
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SEA-FISH HATCHING AT PIEL. 


By ANDREW ScorTtT. 


The results of the hatching work in the spring of 
1906 are very similar to those obtained in previous years. 
The present accommodation for adult fishes is always 
strained to the limit of safety. Any marked increase in 
the output could, therefore, only be secured by consider- 
able additions to the existing tanks. 

The first eggs were observed on February 17th, but 
no fertilised ones were obtained till March 14th. The 
spawning lasted for practically two months. During that 
time fourteen millions of flounders’ eggs were collected and 
one and a half millions of plaice eggs. The incubation of 
the eggs was carried on in the usual manner in the 
Dannevig apparatus, and yielded nearly fourteen millions 
of fry. The fry were liberated at intervals, well out in 
Morecambe Bay. It has been customary to set free the 
parent fish in the Barrow Channel at the end of each 
hatching season, but the fate of these fish has always been 
unknown. At the end of the hatching season in 1908 
Mr. Johnstone marked some of the large plaice from the 
tanks and set them free between Lancashire and the 
Isle of Man. None of these have been recovered. Another 
attempt to find out the movements of the fish was made by 
marking some of the flounders in 1906. These were set 
free outside the Barrow Channel. A few of the marked 
flounders were recaptured by fishermen and returned to 
us, and are dealt with by Mr. Johnstone in his report on 
fish marking. During the autumn of 1906 the local 
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fishermen reported that several very large plaice had been 
captured in the Barrow Channel. The sizes of these fish 
far exceeded those of any flat-fish they had previously 
taken. The men suggest as a very probable explanation 
that they were some of our liberated plaice. Capt. 
Wright also secured one or two of these large fish while 
trawling for flounders for the tanks. It is quite possible, 
then, that the large plaice set free at the end of each 
season remain in the vicinity. 

When selecting adult plaice for the tanks we depend 
largely on their size, and hitherto all under fourteen 
inches in length have been rejected. This size is 
probably a good average one, but it 1s evidently not 
always the minimum even for females. This was clearly 
demonstrated in the spring of 1906. In March, when out 
with the “ John Fell” collecting material for the classes, 
two mature female plaice were captured in the same haul. 
One of these fish was nineteen and a half inches long, and 
the other was only ten and a half inches. Later on in 
the month two more mature plaice were captured in the 
same area as the previous ones. The latter were both 
eleven and a half inches long. These fish were brought 
alive to Piel. They all produced eggs which fertilised 
and developed quite wlormally. The fish were captured 
between Walney and Isle of Man in the area known as the 
“Top end of the Hole,’ on March 13th and 20th. 
According to McIntosh and Masterman™ plaice appear to 
have very definite spawning grounds, always well offshore 
and at a depth of about twenty fathoms. Under artificial 
conditions we find it is possible to get them to spawn in 
much shallower water. At Port Erin the fish spawn 
freely in a pond with a maximum depth of ten feet. At 
the Bay of Nigg Hatchery, belonging to the Fishery 

*< British Marine Food Fishes, p. 364, 
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Board for Scotland, spawning takes place under similar 
conditions. Our small fish tanks at Piel are only about 
four feet deep, and we find the fish mature quite 
normally. During the spring of 1906 we found that 
some of the adult plaice, collected in Luce Bay in the 
autumn of 1905, matured when kept in water fourteen 
inches deep. The fish actually spawned in that depth of 
water, but the eggs were not fertilised. Very ripe female 
dabs collected in March, and brought alive to Piel, 
discharged their eggs in shallow tanks only ten inches 
deep. In the latter case the eggs were probably too far 
advanced to be retained by the fish when subjected to the 
greatly altered conditions of pressure. In the other case, 
so far as reproduction is concerned, the only apparent 
difference due to confinement is a slight retarding of tlre 
maturation of the eggs. We find from the tow-nettings 
taken in the open sea that plaice eggs were taken in 
Cardigan Bay on January 23rd, 1906, and off the 
Liverpool North-west Lightship on the 31st. The 
occurrence of one plaice egg in Cardigan Bay on 
December 15th, 1905, and the capture of a spent female 
plaice in the same bay on January 26th, 1906, has already 
been recorded by us.  Fertilised eggs under artificial 
conditions were secured at the Bay of Nigg Hatchery on 
January 20th,t and at Port Erin Hatchery on February 
20th, 1906.¢ 

The following tables give the number of eggs 
collected and of the fry hatched at Piel, and set free on 
the dates specified : — 


+ Twenty-fourth Annual Report Fishery Board for Scotland, part iii, p. 112. 


t Twentieth Annual Report of the Liverpool Marine Biology 
Committee, p. 17. 
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Puatce (Pleuronectes platessa, Linn.). 


March 14 
oh ao 


May 3 


Eggs Collected. 


30,000 
40,000 
50,000 
60,000 
60,000 
70,000 
90,000 
85,000 
90,000 
95,000 
90,000 
90,000 
90,000 
90,000 
90,000 
85,000 
80,000 
75,000 
50,000 
40,000 
30,000 
20,000 


Total Eggs 1,500,000 


Fry Set Free. 
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1,320,000 Total Fry 
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FLounpER (Pleuronectes flesus, Linn.). 


March 14 


9) 


Eggs Collected. 


200,000 
250,000 
300,000 
300,000 
300,000 
450,000 
500,000 
650,000 
750,000 
790,000 
850,000 
950,000 


ha 000,000 


950,000 
900,000 
900,000 
800,000 
750,000 
600,000 
600,000 
500,000 
300,000 
200,000 
200,000 


Total Eggs 14,000,000 


Total Number of Eggs 
Total Number of Fry 


177,000 
223,000 
266,000 
266,000 
310,000 
400,000 
445,000 
580,000 
667,000 
669,000 
757,000 
846,000 
887,000 
847,000 
800,000 
500,000 
712,000 
669,000 
530,000 
032,000 
445,000 
266,000 
178,000 
178,000 


Fry Set Free. 
... March 30 


9 


.. April 


12,450,000 Total Fry. 


15,500,000 
13,770,000 
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CLASSES, VISITORS, &c.. AT PIEL. 
By ANDREW Scorv. 


Four classes for fishermen were held in the spring 
of 1906. The Education Committee of the Lancashire 
County Council voted a sum of money for forty-five 
studentships open to fishermen in the administrative 
County of lancaster, The Blackpool Education 
Committee sent three men, Southport Education 
Committee two men, Liverpool Education Committee two 
men, and the Cheshire Education Committee four ‘men. 
The studentship holders were divided into four classes, 
three of fifteen each and one of eleven men, as shown by 
the following lists : — 

Ist class, held March 12th to 23rd.—J. G. Constable, 
Askam; R. Parker, Flookburgh; Percy Baxter, 
Morecambe; G. Parkinson, Morecambe; T. Woodhouse, 
Morecambe; W. Wilson, Morecambe; R. Abram, 
Fleetwood; W. Ball, Fleetwood; T. Rawlinson, 
Fleetwood; Wm. Wright, Fleetwood; J. Abram, Banks ; 
J. Johnstone (Bunger), Banks; J. Barrow, Blackpool; 
F, Parr, Blackpool; E. Salthouse, Blackpool. 

2nd class, held March 26th to April 6th.—S. Mott, 
Bardsea; W. Benson, Flookburgh; MR. Gardner, 
Morecambe; ‘TT. Gerrard, Morecambe; R. Ellwood, 
Morecambe; J. Wilson, Bolton-le-Sands; JT. Smith, 
Overton; J. T. Bagot, Knott End; R. Ball, Fleetwood ; 
J. Leadbetter, Fleetwood; W. Sharpe, Fleetwood; 
R. Gillett, Lytham; W. G. Parkinson, Lytham; P. 
Brookfield, Banks; J. Aughton, Banks. 

3rd_ class, held April 23rd to May 4th—T. 
Edmondson, Roosebeck; J. Gardner, Ulverston; J. 
Procter, Ulverston ; J. Wilkinson, Baicliff; T. Westworth, 
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Flookburgh; W. Bird, Fleetwood; R. Wright, 
Fleetwood; R. Wilson, Fleetwood; J. R. Croft, 
Preesall; R. Swarbrick, Hambleton; W. MHadwen, 
Morecambe; T. Shaw, Morecambe; T. Mayor, More- 
cambe; R. Abram; Banks; J. Peet, Banks. 

Ath class, held May 7th to 18th.—J. Bird, Ulverston ; 
R. Stephenson, Heysham; W. Baxter, Banks; J. Lloyd, 
Marshside; W. Ball, Southport; W. 4H.» Hosier, 
Liverpool; W. Whelan, Liverpool; T. Bushell, Parkgate ; 
T. Matthews, Parkgate; J. Murray, Liscard; W. Bedson, 
New Brighton. 

The usual votes of thanks to the Sea Fisheries 
Committee and to the Education Committee were 
proposed and carried by the fishermen. 

The classes for fishermen are now registered. by the 
Board of Education as evening classes, and each of the 
above classes was inspected by Mr. M. A. Fenton, one of 
the Government Inspectors. Mr. Fenton’s report was as 
follows :— 

“Demonstrations from the blackboard and abun- 

“dant individual instruction constitute the teaching 

‘“veferred to. The men manipulate admirably, and 

“seem to apply themselves so as to receive as much 

“attention as is to be obtained in their fortnight.” 

A class in Nature Study for school teachers was held 
on two week nights and the Saturday afternoons during 
the period covered by the third and fourth classes for 
fishermen. This class was organised by the Barrow 
Education Committee, and was attended by eighteen 
teachers belonging to their schools. The teachers’ class 
is also recognised by the Board of Education, and 
registered as an evening school. ‘The following is a copy 
of the report on the class which was sent to the Barrow 
Education Committee : — 


186 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


“ Board of Education, South Kensington. 
“ Barrow-in-Furness, Piel, Marine Laboratory, Teachers’ 
“ Classes, School No. 32,519. 
“ Report of H.M. Inspector for the year 1905-06, wits 
“remarks, if any, added by the Board of Education : — 
““«This is a very useful class. The teaching is 
‘“efficient and thorough, and much interest is 
‘“evinced by the students in the study of the 
‘* marine forms of the syllabus. 
““The work is conducted in a well-equipped 
‘“* Laboratory. 
The members of the Scientific and General Purposes 
Committees of the Fisheries Committee and members of 
various Education Committees in the County visited the 
laboratory, under the leadership of Mr. James Fletcher, 
while the fishermen’s classes were being conducted. 
The lbrary has received a number of valuable 
additions during the year, the most important being :— 
A set of fifty-eight volumes, published by the Ray 
Society, containing amongst others the Mono- 
graphs by Alder & Hancock, Allman, McIntosh, 
Bowerbank, Brady, Darwin, &c. 
United States Bulletins of the Fish Commission, 
1884-1904. 12 vols. 
British Fresh-water Fishes, Houghton. 2 vols. 
Catalogue of Madreporia, vols. 1-5; presented by the 
British Museum. 
Monograph on the Isopods of North America. 
A number of books and pamphlets belonging to the 
late R. L. Ascroft; presented by Mrs. Ascroft. 
A number of reprints of papers from the Reports on 
the Sea and Inland Fisheries of Ireland, 1904- 
1905; presented by Mr. E. W. L. Holt, Scientific 
Adviser. 
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REPORT ON THE TOW-NETTINGS. 


By ANDREW Scortr. 


The collections of pelagic organisms taken by tow-net 
in various parts of the Irish Sea in 1906 number four 
hundred. The results from the examination of the 
material are given in the monthly tables (see below). 
Although the tables represent the organisms that were 
present from month to month in particular areas, it does 
not necessarily follow that they were always in evidence 
every time a collection was made. Again, the number of 
records for any station depends largely on the frequency 
of the fishing. A comparison of the tables given in last 
years Report shows that Cardigan Bay had a greater 
variety of free swimming animals than any other area. 
The number of tow-nettings taken there represented more 
than one every week, and practically amounted to five 
each month. The area is a large one, and collections were 
made in the vicinity of New Quay and Pwllheli by the 
fishery officers stationed at these places. Then at intervals 
the fisheries steamer took tow-nettings in various parts of 
the territorial waters of the bay. This area, therefore, 
was fairly well investigated in 1906, and the results were 
naturally high. Another thing to be remembered is that 
distribution is rarely uniform. Some organisms may be 
extremely abundant at one spot, and yet at another, 
perhaps only a few miles away, are conspicuous by their 
absence. 

During the year 1906, we derived a good deal of fresh 
information from the tow-nettings relating to the occur- 
rence of various important organisms. Owing to various 
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circumstances, it is almost impossible to get a complete 
series of collections for a whole year. A continuous daily, 
or even weekly, sample from one particular region is apt 
to be interrupted through conditions of weather and other 
unforeseen agencies, over which there is no control. 
Again, a gathering taken once a day, once a week, or once 
a month, may yield some interesting organisms, but one 
would like to know what had happened in the interval, 
whether the organism was only a solitary example or part 
of a rich, widely-diffused shoal. The only area that is 
represented at least once every month, in 1906, is Cardigan 
Bay. This division was dealt with in the last Report, and 
further consideration of its monthly plankton is, therefore, 
deferred in the meantime. If the tables giving the 
occurrence of organisms in the areas investigated be 
compared, it will be noticed that during July, August and 
September Port Erin had a greater number of organisms 
than the other stations during that period. This is 
entirely due to the way the area was investigated and the 
large number of samples collected. Professor Herdman 
chartered the small steam yacht “ Madge,” and spent his 
summer vacation making plankton hauls in the open sea, 
in the vicinity of Port Erin. The region investigated lay 
mainly between Bradda Head and the Calf Island. The 
amount of work that was done can be readily understood 
when it is stated that on the twenty-nine working days 
when the “Madge” was at work seventy-three tow- 
nettings in all were taken. Iven after the observations 
made from the yacht ended, other tow-nettings were taken 
both inside and outside Port Erin Bay by Professor Herdman 
and Mr. Chadwick. The result is that during the period, 
July 22nd to September 30th, seventy-nine collections 
were made. More than half that number were taken in 
the latter month. With such a large amount of material 
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to investigate, one would expect that there would be more 
variety in the plankton than if only one or two samples 
had been taken in the period. This is the case. In 
September no less than fifty-eight different kinds of 
organisms fall to be recorded. Professor Herdman, in 
his work on the ‘‘ Madge,” used five different kinds of nets, 
all made of fine silk bolting cloth, as follows :— 
A Hensen-Petersen closing net, with 200 meshes to 
the inch. | 
A small Apstein net, with 212 meshes to the inch. 
An ordinary tow-net, weighted to work below the 
surface, 120 meshes to the inch. 
_ An ordinary surface net, 120 meshes to the inch, used 
for the first time. 
An ordinary surface net, 120 meshes to the inch, that 
had been in use for a year. 
The five nets were not often used simultaneously, as 
a rule only the surface and deep-water nets were worked 
at the same time. Qn measuring and examining the 
material collected, it was found that, although the 
gatherings were taken in equal periods of time in a very 
limited sea area, there was no strict uniformity, either in 
quantity or kind of organisms captured. Sometimes the 
surface net contained more material than the deep one, at 
other times there was more in the deep net than in the 
surface one. The old surface net appeared to fish better 
than the new one. ‘The Apstein net invariably had a 
smaller catch than the ordinary net. When we find such 
differences in a small section of the Irish Sea,, what 
must be the conditions when the whole area is fully 
investigated ? 
It is proposed, in this Report, to deal with the 
distribution of organisms, and to show that differences in 
the nature of the plankton are more frequently than 
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otherwise co-extensive with the area over which the 
operations are conducted. It is a well-known fact that 
land animals and plants have a distribution which depends 
largely on the physical conditions of their surroundings. 
One is apt to forget, however, that the same holds good 
regarding marine life. The sea may appear limitless in 
extent, but, after all, there are many animals and plants 
in it that are just as nicely adjusted to their habitat as 
their relations on land, and any change that takes place 
in their surroundings has some effect, one way or another, 
on the inhabitants of the sea. We know far more 
regarding the inhabitants of the land solely because of the 
comparative ease in reaching them, compared with the 
difficulties that le before the marine investigator. The 
worker amongst land animals and plants can now afford 
time to deal with variation in structure, &c., but the 
marine student has not, by any means, exhausted the vast 
storehouse of the deep of all its novelties. It is only 
within comparatively recent years that a wide-spread 
study of marine life has been undertaken. The 
co-operation of the Governments of various countries and 
Sea-Fisheries Authorities, along with the efforts put forth 
by independent naturalists, has done much to stimulate 
marine research. The result is, we know a great deal 
more regarding the distribution of certain classes of 
pelagic and semi-pelagic organisms now than we did a few 
years ago. Every scientific expedition throws fresh light 
on the subject. There are still quite a number of 
organisms whose present distribution is very limited, but 
whether they will prove on further investigation to be so 
local is doubtful. Many new forms of Copepoda were 
brought to light by the investigations conducted on the 
“Challenger”? over thirty years ago. Some of them 
were found in tropical seas, and might have been looked 
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upon still as true warm-water species, but quite lately 
one or two of these species have been detected off the 
Coast of Norway and in the deep cold area of the Faroe 
Channel. Pelagic forms of Copepoda are probably more 
widely distributed than might be expected. When one, 
however, finds such a typical littoral form as Phyllo- 
thalestris mysis (first described by Claus, from the 
Mediterranean) having its distribution afterwards 
extended to Norway and Ceylon, or a more inert species 
hke Laophontodes bicorms (described from specimens found 
off the Isle of Man) extending to Cape Verde Islands, 
there can be little surprise at the occurrence of pelagic 
forms in unexpected places. In the ordinary course of 
events, true littoral Copepods are rarely taken in tow-nets, 
unless these are worked near the bottom. Other means 
have to be employed for their capture, such as dredging 
and washing debris from larger invertebrata. It is 
obvious that it cannot be accurate to state that littoral 
forms of any kind are absent if the proper methods for 
collecting them are omitted. A handful of weed washed 
in weak spirit often brings to light a surprising number 
of organisms, such as Foraminifera, Ostracoda and 
littoral Copepoda, that would not be obtained any other 
way. ‘wo instances of that kind have come under my 
own notice. One was the washings from a handful of 
algz, hurriedly gathered on the shore of the Island of 
Sokotra, which contained a number of interesting 
Amphipoda and Isopoda. ‘The other was a small quantity 
of calcareous and other alge collected on the dead coral 
reef flats and madrepora reefs in the Conflict atoll, off the 
Coast of British New Guinea. When carefully washed 
and examined, these debris yielded a large number of 
littoral Copepoda and Ostracoda. Some of the littoral 
Copepoda from this distant island appear to be 
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identical with forms we occasionally find in the Irish 
Sea. 

Quite a number of samples of surface plankton have 
been taken in limited areas of the Irish Sea on the same 
day by the steamer, the Fishery officers, Professor 
Herdman, and Mr. Chadwick in the course of this year. 
The results are given on the following pages. xcept 
where otherwise mentioned, the collections were secured 
with an ordinary open tow-net worked close to the surface. 

On January 3rd, a collection was taken off Blackpool 
and another near the Liverpool Bar Lightship. These 
places are about forty miles apart. The following are 
the organisms found* in each :— 

Blackpool. Liverpool Bar. 


Rhizosolenia semispina ............66. G. ois r. 
Rhizosolenia shrubsolei ............... : re a es 
Certo tI POs]. casacemcssuesecenenees ir; ie = 
CeratlunnMuIsuss. «ect sender oteeecr: cones iT: af. is 
ING Lea, Ac Ss oGiner cba cee oeae ee een et fr. he — 
Da GLGGAS  wus siewonpseeeiechanaae eee kimaate ab. fat e. 
COpepodar «5... 4. is .seistaae tose heen ametseiaee ee ab. m2 i 
AL CMOLD: vscaits aceon oon eee eee c — 
A Cartia :ClAUISU. co. ca cat ane satin tiene c re 
Paracalanius so cee ee c r 
Oithona;: similis! <2 5.9. caceane-beeee c — 
Oithona nana: sehen eee i — 
Centropages hamatus ............... i ae — 
PsevGocalanuste<: sieseceeseecteteemaese ae are The 


The difference here is very marked, thirteen 
organisms occurring at Blackpool and only seven at 
Liverpool Bar. Three out of the seven species of Copepods 
are absent at the latter place. Samples taken more in 
the open sea on the following day near the Liverpool 
North-west Lightship and in Red Wharf Bay—places 
about forty-five miles apart—gave the following result :— 


* ab. abundant ; c. common; fr. frequent; r. rare; v.ab. very abundant. 
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N.W. Light Ship. Red Wharf Bay. 


Coscinodiscus concinnus ............... Ie nee — 
Biddulphia mobiliensis  ............... Bi or — 
SrA MMA ETIPOS,  sincne cscs cccsesscceees r — 
BRNO HONEA aids cise sos oceseCeslveaisencs r 1a 
PAG WEOORACIMG colic cane covecesuctesscee 1 — 
BPE OINTEUISE Ga verre teocinacceecscsetcveceaeses 1 ir, 
SECUNIS: 2:83 OSCR Osa ROE aA eee eee r ab. 
ME SIMOAECTIS TE wile ciecsSe vac cxs sccwccls sesso et — vel 18 
12¢/6 or eae Sais Se alaeiesen sci crcicnincete r i 
ADEA OANA code centiencocrccscececcces 2 500 — 
Parathemisto oblivia  ...........ce00005 2 — 
OOM AS Basic nicit vcioeiciac'e seo acisiteveee sees ab. c 
CRIZIIITS _. SoS UR GORE oC CREE ee eae 15 r 
BE OHM ee cla civis/scices seis onh ttieaes aces fr. si fr. 
Centropages hamatus ............... 18 ate — 
IPARACAIAINUS! 2. .c0csccoossccecesese sees — aes 185 
PRC ANEVARCIAUSE. Mo scncinst vo cspdedsseetca. v. ab. fr 
AAO SIMI .5.. 0000 ace ceeds cocceee fr — 
RRM IEC cpl ccisasieisa svete vet siv'ss taeae r — 


The differences between these two collections are 
quite as marked as in the previous examples. There was, 
evidently, a more abundant supply of life out in the open 
sea than near the land, and it will be noticed that diatoms 
were absent from territorial waters. There was a great 
difference in the amount of Copepoda in the two areas. 
Acartia cdausi was present im immense numbers offshore, 
while in Red Wharf Bay the number of this particular 
species was considerably reduced. 

On January 22nd one tow-netting was taken in 
Port Erin Bay, on the following day two were taken in 
Cardigan Bay by the steamer, and one by Capt. Jones in 
Carnarvon Bay. The tow-netting from Port Erin is not 
strictly comparable with the others, but is given to show 
the difference between the plankton from the Central area 
on one day, and that from close inshore in the Southern 
area on the next day. 
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Near 
Port Patches Off Carnarvon 
Erin. Buoy. Llanon. Bay. 
Bidduilphia, ccc siadaseeane DOE ees. te 2 = yt 
ClehOCeros j ccaccsessecnceneee ab. 2. te 
Coscimnodiscus “tee.ce..ce eee ab — — — 
Fuhizosolenia, Se ayeccse eects r a —- _- 
Acanthometra: .....caese-eeee r — — — 
Ceratiamutripos a) eseeeeee fr ... if. ... ==) Sees 
Cera tim fustisiee-ee eae eee ff .. —= .. | =e 
Sagibta. cc avscncceeeceme comes fr. >... Gf 9 2..% ==. 
Tomopterissseecmeeeeeeee ese fr. ... ff. 2: qe 
Autoly Gus) tesasesecaeeee ae es <oo!) | a are 
Mitraria .%, 453. aero eee E . i. 0) =e 
Copepoda sencactester nese nae C. wee Ge 
@alanuis ee tee eee eee i rr 
Pseudocalanus o.c1..s+- >. fr fr — ab 
iParacalamis: eas.caascee ens fr fr — ec 
PL GMMNOMA: Gavendoaeesdeeeeene — fr — e 
AMOMALOCELS) oxcc-ccneesss — — _ -- 
Centropages hamatus ... — ... Fr. oc | = = ee 
INCOM Ul ae thes ececee eae aaee c seh a Ce «== 
Oithona: 7} fasta. nsec acest ff. el = an Sa 
1D (TU 6 O00 eenane ceee ca etensc cc i we = we SS ae 
Oikopleuras -osccscaecssesces fr 2. = «2. — ee 
IBIAICE COS Fe vecencemseccite — ..—4 Ac 2 a 
Post-larval Herring ......... ==) i abs se 


The plankton of Port Erin was very rich in Diatoms, 
and most of the other organisms mentioned were well 
represented. The inshore waters of the Southern area 
possessed quite a different plankton on the following day. 
Diatoms, with the exception of a few Biddulphia taken 
near the Patches Buoy, were absent, both in Cardigan and 
Carnarvon Bays. The Copepoda at the Patches Buoy 
were about as numerous as at Port Erin, but there was a 
slight difference in the species at the two places. 
Carnarvon Bay, again, was distinct from any of the other 
three, and had a very rich supply of Copepoda, but little 
else. The collection taken off Llanon was _ rather 
remarkable, as it only contained four plaice eggs. 
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Tow-nettings taken in any area at intervals 
frequently show great changes in the pelagic organisms. 
This is illustrated in the two tables now given, which 
show the result from a gathering near the Liverpool N.W. 
Lightship and one in Red Wharf Bay, on January 31st. 


N.W. Light Ship. Red Wharf Bay. 


MGCP). .......0cecsasoosersensee ovens = = fr. 
ISOEODLACIIA ...5..0nceccccsevssocssces r — 
Bere MPR ciecic.c0is ot bee's ciecieciees sine es c ab. 
PMMA WAU tetas. 15s «ce Sseastenessocedeecesces 1 Se — 
DERE ELUM ass oieic/. Sloe « snis. o0.2 oa sivo.o ss seaisis rE — 
PE) DOSE co benesn eee eee eee r = 
DOMME a eoce. ccctstescveeteeseserses c v. ab. 
CALZICUOS, oso HOS ORC o eae O RCE ee oeeeee fr. c. 
IFSEMCOCAIANUS ...s..cceesceeercesccens fr. G, 
IPAEACALATNIS | 2 oo co-csc cele e's ses os a ceeenas es C. 
SUTIN ON Ee ee les Sa vise bass od bawd ba’emaree fr Cc: 
SCATGIa CLAUS 2.22 $12 vssso0s ovsase ets soa c C: 
Oithwona similis. ..........6cescsesecen es — Cc. 


IPIEKG® GEES, Geqsosiec ee tare cee renee Ereee 1 


When these results are compared with those given 
for January 4th, it will be seen that Diatoms and 
Copepods were then fairly abundant in the open sea off 
the Lightship, but in Red Wharf Bay the former were 
absent altogether and Copepoda much scarcer. In the 
above examples a complete reversal is shown to have taken 
place in the course of twenty-seven days. Diatoms are 
absent from the open sea collection, and Copepoda much 
reduced in quantity. On the other hand, Diatoms have 
come into Red Wharf Bay, and Copepoda become very 
abundant. Such marked changes are often found, not 
only after intervals of time, but frequently in a very 
limited area, on the same day. On February Ist, four 
tow-nettings were taken along the coast of North Wales, 
between Red Wharf Bay and Rhyl, which show that 

L 
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although organisms may be widely distributed the 
relative abundance may change. The distance between 
Red Wharf Bay and Rhy! is about fifteen miles, and the 
following tables show the distribution :— 


Red Wharf Off Puffin Conway 


Bay. Island. Bay. Off Rhyl. 
Biddulphia > sssesssseesseeees 1 ee r 
Cosemodiseus “Recess. sees soe r. sen oe fr r 
Ceratium tripos ............ i es Sak ee ee 
Plenrolorachiaays-cesceceeeeee =e AE: eee r 
Nal bbe -ouscoste aa centecteetec r. sos) VW. BD 5.5! We eee 
Autolytus: Soeiesaescccecesce Tr: 2 = ee eee i 
“sMirtraiia, 22 sens tonantec cee re a =| aS eee 
Copepoda Vcccaedenss se. staeees ce wa AG ah Sle sone mes 
Calanus eich caoes _ — ¥: —_ 
Pseudocalanus ............ fr fr. fr. ir. 
iParacaltantise;..cccsossseses fr fr. fr. ir: 
DPOMOLAY es cossceeceece sec oawe fr fr. ir fr. 
AcarblaiClausiasesseecesseee fr sie ie. fr: 
Oithona similis ............ r te ie aT: 
MUbeD pina sees. ceccsceee ose ie r te ts 
Plaicereg os" eenssceareescadee — «see (0 so =| ae 


The collections taken in Red Wharf Bay and off 
Rhyl show that the plankton was practically the same at 
the two places. The intermediate stations, however, 
show important differences. At the extreme ends of this 
area Diatoms were rare, and only two genera were 
represented; Sagitta was also scarce. The plankton in 
the vicinity of Puffin Island and in Conway Bay contained 
one of the two genera of Diatoms only, but the increase in 
the number of specimens was quite conspicuous. Sagitta, 
on the other hand, constituted the bulk of the inter- 
mediate gatherings, and it is probable that a shoal had 
been passed through during these observations. This 
shoal appeared to be quite limited in width and depth, as 
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only a few specimens were captured by the bottom tow- 
nets. It will be noticed, too, that only one plaice egg 
was taken along this fifteen mile line. 

The conditions prevailing in the open sea, off the 
North-East end of the Isle of Man, about the middle of 
February, are shown by the following three collections, 
taken in the vicinity of Bahama Bank on February 

20th : — 
| (1) ys (3) 


OM UME ctr ecletaniniccis «nic anie.cie ova elens's GO. ay Ge de ab. 
PG LOPHETIS Foose cases caeces an eeeee —- — r. 
PAUHELONVAUDIS ates < aiclecis en's ssiniees smooe's's — 1 hah 
WOVE PON A cece ciccccenccevorsdseceeres C: e ) 
EMME eases sions stese's coince es fr. fr. ft. 
IESEHOGEALATIUS: . <6. a0 cv ener ens. ab ab. ab. 
IPARAEANAINUS) ce nicscccaseseresss ies fr. fr. 
WENGLOPAZES) 105 i0i. bs occiesieceisiones et r ts 
Pelle ELTON een niseycicje o's « oa lye' cies Es see 1s 15 
AE ZOCAN tr eicta cele scinlsaie cnicce wave ese e — fas —_ © 
MEVEICE 1... 50.0050 ese vale e/a — side — 1 
LELUGINIG) .nénoc Sat CO SEO ORE e eee eee — AAP — 1 
IV ESSIS ERA Re celde baie vcctideddalenes — 12 — l 
TE EUPWAMES 2 o0i0c5 scene's scisineie one — ae — ] 
EC CMC OOS a acesca sven onesie rece ian’ Bibs" a hess ab. fr. 
HUOUNOGCICL OS! (ove c.sscssoecdeeeens Te ms Ts iD 


The differences in these are very slight, and show 
that the distribution was fairly uniform. The presence of 
the higher crustacea in the third haul, the reduction in 
quantity of Sagitta in the second haul, and the decrease 
in plaice eggs in the third haul are the only important 
features. ! 

On February 21st one tow-netting was taken in 
Red Wharf Bay and one in the open sea about twelve 
miles North-East from the bay. Considerable change 
in the collections is shown in the following list of 
organisms : — 
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Red Wharf Bay. 12 Miles N.E. 


Biddulplita:? (Sec 7.4 ee eee ee eee c. wae ab. 
Coscimodiscus ese: -eee eee ie te ab. 
Ceraitiuim i USi Seen ee eee — r. 
Sagittae cect. sane eek ee —~ wake 6 
IAMCOLY CUS) a.snturceccconer:oterace oe aecese -- a 2 
Copepoda. cA crash ean esteem r r 
Calamus kite neqdaceeeeen teak aan et nace: ac r. 
Baracalanus ce acscnsietaocsccsoncces if I. 
INC AT UIA werecitannrscenacee seme Eee aoe its sae I. 
Oithonmay wAonicsc ee erect if eis rs 
IPIaICe EROS | eis sereaate eas cance coe -—— RS Fs 
Codueggs’ “Styosseticune cesta ca eee ie 600 — 
Haddockies usr. mses sercee ene r. ae — 
BiUDNe SS ico. seeaesacen asGscne eaten asee _ : r 
Rocldingiecosiesane- asec see it sce — 


The open sea contained more Diatoms than the 
territorial waters. A few Sagitta and Autolytus were 
present in the open sea, but entirely absent inshore. The 
eggs of plaice and bib were taken in the open sea only, 
and those of cod, haddock and rockling inshore. 

Two collections taken six miles apart in the area, 
sixteen miles W.N.W. of Piel, gave practically equal 
results on March 13th, but the constituents of the 
plankton were very different from what prevailed in the 
open sea off Red Wharf Bay two weeks before. 


(1) (2) 
Sagitta. -_t.celsce veeecue cnages ttocteeeieae « i i 
utoly tus) yo ee astee eer ee eee — Ts 
Copepodiay 727. joc csnsscceusmrmansececee et r if 
ACALUID . ii ccuccnrwmci ent octen deren Te i 
_. (Paracalanus' 2i4ia ieee ie dy: Te 
Plaiceieggs! \....cverwsmecttssiseteteee ab. ite ab. 
Blounder COGS. hor .cjcincdewe cenecneneeseeee ab. 2 ab. 
Da DCS O68, o's. cscs scissor xo sectavan tae leeeereee ab ab 
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On March 20th tow-nettings were taken in territorial 
waters off New Quay Head, in Carnarvon Bay, near 
Duddon Buoy, and in the open sea fifteen miles West 
from the entrance to the Duddon. These throw light on 
the conditions in the territorial waters at the extreme 
limits of the district, and also enable a comparison to be 
made between the open sea and inshore waters at the 
North end of the area. 

Off New Carnarvon Duddon 15 Miles 


Quay. Bay. Buoy. W. from 
Duddon. 

WOSCMMOGISCUS —..c..cecseces ese r — a 
PAGING Bese s cess nee cnene — r — ee 
SE OMU AMEE esc iar science ce eenes SS ee Ee Ce wails eters gale 
PTD OUTER: crcictoire ioe osic ss vesnce ss 16 r — = 
DEMEZOCAM eens sasece es vnsc vee Gh 5 la ee Be aI 
Nauplii of barnacles......... CH Me (VAUD iy 2 te 
Ostracod stage of barnacles... — ... r. ee) a ee 
DOVE MOOM care ccccocne ss. sic cess 185 ee ens 18 r 

CHIGINS <6c)seaat one eee eas ee iP r 

IBAEACAIATIUS” 5.02.00. 00 0000000. — — 1b r 

ANC TIN OU oo cists Faisisais sv ede one's — r iP r 

PMC AUR aia ieee evade scess i aie le F. r 
EATICEMC DOS Gyelsecnsacceess.ceeseo Ee, Se ri r 
LOUMGET COS” ....- csc. se osees — ee if r 
IOC SOR ee eviny cca deenoccence cc — ee 1 r 
\NVLLIE ado abi ahsret oa Te r 
TED c0Gqc OREO EDOEEE ECE Cee ee ee ee abisae ¢ Te is 
RNIN OR acces casioviccealer eesti ab if if r 


Diatoms and barnacle larve were present in 
Carnarvon Bay only. Copepoda were very scarce at all 
the stations, but a noticeable difference in variety of 
species is obvious at the northern area. ‘The eggs of 
whiting and rockling occurred in all the four collections, 
but were more numerous off New Quay than in the others. 
Plaice and bib were present at the North and South 
extremities, cod and flounder at the North end only. The 
open sea plankton was the same as that found inshore. 
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Two collections were taken near Duddon Buoy on 
March 31st, within three miles of each other, and although 
they gave similar results so far as variety of the 
constituents go, showed great difference in relative 
abundance of Diatoms and Sagitta. 


Duddon 3 Miles N.W. 
Buoy. from the 
Buoy. 
Bid@ullphia’ isch ssacsaeaseneaceceeiectoee Vi ab.- sete G: 
Chee toceros' is...cdtonscucaeeseieectneesenes r. ie 
WOSCINOdISCUS Moc ssck. coomeetenae deere v. ab. C. 
Rht7ZOSoOlenia, .cisesnccemsaaces seceeeea ee rE ea 
Ceratium Str pOS-recee.- er sseeeseaocaaer fr. F 
CeratiumlPUSUS —2c.eimcacsaeesioneciewcce emer fr. r. 
AMO (OvMNLIN CS se soqcpsngnooecoN00N 185 E 
Satta cesacdocseseeeteeoraese- Ge eeenne r. v. ab. 
Mur ydice ., cas semnesedtereenocee socom: i i, 
Copepoda: ccasscacteanenemacecsasceenee ace c c. 
PseudocalamuSa.<.ssaccssnene-seeh one fr ir: 
Paracalanus .g.ds-ceecnoseeneek eae es fr fr. 
WPOMIOLA: c's nate cide e none eoisemsccsiences r r: 
ACartia | pccstutacecs aeateacen eee fr fr. 
TAB IIGS) GIs 54 8ocdcancacongndandgscadndaoses r — 
Bibi Ges wits. ccs aces suioneeeteaneacceeene if rr 


It will be seen that there was a greater abundance of 
Diatoms, chiefly Biddulphia and Coscinodiscus, near the 
buoy than further off, and also that Sagztta were more 
_ plentiful three miles away from the buoy than close to it. 
A comparison of these two collections with the one taken 
close to Duddon Buoy on March 20th, shows a very 
marked change. Eleven days before these later ones were 
secured no Diatoms at all were present, and yet, in the 
course of a short period, they have made their appearance 
in large numbers. 

On April 24th three tow-nettings were taken near the 
Morecambe Bay Lightship, within an area of about six 
miles. The results are almost identical, and it is evident 
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that the constituents were fairly uniformly diffused at 
this place at the time the samples were taken. 


(1) (2) (3) 
157C 1G nl) Ce yee ee eee Deb Pas. ab. ab. 
PGSCINGDISCUS. Lo -nijscedeesescs sees Bis ia piece ab. ab. 
EVENZOSOLCWIA 5 2,sarcec esc ecsesseee os Opie ees ab. ab. 
CWerabinMa TEIPOS! 2. :...0... 000.08 C C: c. 
Cera THSUS: ...35.2...c50s0000e C ce c. 
PMG VOWIUNE CLES 2. .....ccescsccees ig r. 
pel DN EPR oe erstao tds cine d Gain oy 00k a se ee — — Te 
PMMA WL TES Ree coin a6 diisiasaeicisieie ee sia bose r Ee TE: 
WOTANRZOCAIE cco dose sce ede dancevdea dees r. ie ps 
RRO Mae os xa cisis oe slots oeeie.oisss us Te ©; 

PRIN Me fo ise fn Secs o's Sse Guinea ve r if ©: 

PALACHIAMUS  cioasee cise oe mseree es r Te Tr. 

Pete HALTER eres crac siecle acla'ss's vo dee’ r 1 c 
PNSCIONATNC SOS! | cass eceue Sen ceces C G. G 
MOP CUA Sescscscsaccocsesedecans i aie iy su 1 
ERC OOS ed eee oe cic es dean sieaiee's Wen Se taece | “VEdIDGh sce + Vea: 
PUTO OEIS COIS... ees oneesececse ns VEO) Se Na Ved Due osc ava: 
VOLT Ce a ee WEDD Eg ioe el WeaDES) cen Vea 
RRC OD SET cet c cols css ei ce's swede ne's WDOevcee MVEA Since | Weal. 


Collections taken at the North end of Cardigan 
Bay, on April 27th, show considerable variation in the 
constituents of the plankton, as will be seen from the 


following tables :— 


Tremadoc Off Off Kilan 
Bay Lianbedrog. Head. 


PO ANATA S| 250 ces coca sccseeseds — — 135 
OMEPEOCCEOS, secesestseuvescerccceess i ae — 
WOSCMOGISCUS, -..ccesecsscscccesenee ab. — i 
AUZGSOLCTIA scion cannes ce seeee ip. _ — 
PMIGVOUMIUI CEOS. ....0csereedecees ie, — — 
SEOUL EE Bar tales oi oiesin's 225 vciio- seid naien Te Te 1 
AEP CD veces secs es nae voissacinvine _ ae it 
Nauplii of barnacles............. — ce G 
Ostracod stage of barnacles...... eG Cc C. 
OMCOO an cccsoccsccocsessscitaseens Ge. G re 
IPSCUGOCAIANUS ......02ssc.cccees — nis — 
BEEN rads 8s Se 50s piepisisinidlo'.s set's fr. fr. — 
BEWELOPAGES <6... c.cccscneseneeeee fr. it — 
RE TRENL I.0/slddvicindcaisjedeoncedess oe fr. fr. tr. 
BROS a cccsics's ov'eiceiclens ssiio'aejoo es up C. —— 
LULL G2 ee ee — a ip 
EEAGMOCISNCOES 0... s.cseerscccese ss — = r. 
MPEERE RCL OS rca cscce acs scecssetes + = r. gs 
SHPEDICO OST ce tcscsccneesesecct anes r i r. 
RUOU MMO CR ESM oes. cecescsesereces — r. Be 
Spotted Dragonet eggs............ — is --: 


152 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


Diatoms, especially Coscinodiscus, were plentiful in 
Tremadoc Bay, absent altogether off Llanbedrog, and very 
scarce off Kilan Head. Copepoda, though common in 
Tremadoc Bay and off Llanbedrog, were nearly absent at 
Kilan Head. At the latter place only one species, 
Acartia, was detected. Fish eggs were very unevenly 
distributed, and out of a total of six different kinds 
present in the northern portion of Cardigan Bay only 
one was represented in Tremadoc Bay. 

On May 7th, three collections were again taken near 
Morecambe Bay Lightship. The first were taken close to 
the ship, the second five miles West, and the third eight 
miles West from it. The plankton was identical in these 
samples. 


biddulphian Se-.cse ee ccoadee eee ies oe Te weg r. 
Coscinodiscus. | +354..<sbaceeeccceok r ce i 
hIZOSsOlenis seen eee eee REO be our Ves 0 eee v.ab. 


Sec'aac pb iteecneek oes G c c. 
Alley ONUUIMNE SOS Weeeete reece re r Te 
iPlenrobrachias eeeeeee scenes re Us ip 
SAQA > eis cc ccd We ereceosenaceatentess r I re 
Ostracod stage of barnacles...... e c c: 
Copepoda awe ecscceedecosseenaeos seme oF C C. 
Pseudocalanus = 5--ee esses fr. das i fr. 
PMOL. 4. <ceeeemue se seeose ae: ep fr ir 
Centropagesioe:sn.csssaceneacatece fr. fr in, 
ACArbla iiss Poctete Sau eateue cei fr. fr fr. 
SPVAbieGGS ses sccccsoSseocaen-eseenes ii Es is 
Gurnard egos: (.. -csemecsaestee _— Te i 


Although these collections are on nractioati the 
same, they show some differences from the former samples 
iaken on April 24th. On the first occasion three genera 
of Diatoms were present, but all were equally abundant. 
Thirteen days later two of the genera were exceedingly 
scarce, while the third, Rhizosolenca, had increased in 
quantity. The complete change in fish eggs is to be 
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expected. Those noted on the earlier date had probably 
been hatched, or widely scattered by winds and currents 
before the second visit. Copepoda had become more 
plentiful, and the free swimming ostracod stage of 
barnacles made their appearance amongst the pelagic 
organisms taken on May 7th. 

On May 15th tow-nettings were taken off Blackpool, 
at the entrances to the Ribble and Mersey, in Carnarvon 
Bay and off New Quay Head. The differences between 
the plankton collected off the Lancashire coast and that 
from the Welsh areas is very marked. 


Oft Ribble Mersey Carnarvon Oft New 
Blackpool. entrance. entrance. Bay. Quay. 
IGA GWN DIA, oo. ewes c sores eases Teva ey Oak (lem als. ade Wed omiesgen ks 
WOSCIMMOGISCUS  ...2.2.0..0ceece0s Te eae Meare Anew ry) ARAVA Oger VE 
13] TLVACS(0) (0 abs eetabe kee waba” taco, Sy SS 
Ceratmim tripos.” .....2.....2.+ Cc pp i ee Sede re 
Ceraiii TUSUS ... 02.00.0000. aS On ee 
CCEA LUCE, ..6..00000c0000e 0 Pgh eS ees ag eee 
INGE EUNTCA, So cccccecssecucesssecess ras, r — — 
IEACORODERCHIA  ocecces ce ceceeses ce — ce — — 
SUMAN 5 6 <iot a's cielo ve:cinoese.ss TS MET aces GN Sea ney aE 
“US 5G r — ip — oe 
UM ORZOCIM kaise’ os vvcsede sce. 1 eae iP — — 
Ostracod stage of barnacles... — ... — ... — .. Ge we — 
OD OMOM AD Miia sa ceccovacetee sees Tega vee cee gelioay toca uvlicyug OS ae Chm IRAN aD: 
IBAEACAIANUS ©... 00000200006 e00e TS ters a Sak are ee See 
LGITIONE end ppORBBE eS Ree oerne ee ie Se Ae en te ON pce TC. 
CeMELOPATES occ. cecscseees Sy) he Ag iat eek yt gent en CAMELS 9h CS 
PANOWMAIOCCES ¢...00+20cenecrenes Si acta ne. a ee Oboes ae A: 
NMer eerie i gcfes 501s nnd oaaie-seis's — — — — I 
PNGATUA CIAMSL......0ccssscccess I r n — c 
Acartia discaudata ......... Ir — I — — 
ETUC Mc aii tiaccocvewsscnecetess Spt pivenpsUigua decree lo tede Stee Gan 
SEOOLCUTA oo eis soc ve cece sasians Ips Scenic Cate Mee Corer e a5 8a ee t/t ke 
MGSO cei. csieieneee noe censne’s ae oe or a 
APOIO CFOS oo... se sSetee ses Pet a Be a oD 


Three genera of Diatoms were represented on the 
Lancashire coast, but only one of these was plentiful, the 
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other two were rare. In Carnarvon Bay it was found that 
the form so abundant between the Mersey entrance and 
Blackpool was quite absent, but the other two were present 
in immense numbers. Off New Quay the abundant 
member of the northern waters was also absent, and the 
other two rare. The Copepoda were very unequally 
distributed, large numbers were found off New Quay, a 
fair quantity in Carnarvon Bay, and only a very few in 
the North District. Fish eggs were only observed in the 
collection from New Quay. The distinction between the 
constituents of the plankton on the Welsh and Lancashire 
coasts is very marked 

The following two results show the conditions 
existing close to land and in the open sea. On May 22nd 
one collection was taken off the entrance to the Ribble 
and one close to the Liverpool North-West Lightship. 
The latter is about seventeen miles S.W. from the former. 


Ribble Liverpool N.W. 
Entrance. Lightship. 

Coscinodiseuss Zccacccc ves ssamee nee es ih r 
RR hIZOSOlEN aise aiecons seen eevee reeeeretee eee TE r 
Ceratiunn tripose eer csecessees senna e r= I 
Geratiinna GuSUS se eeeteee eects octets TZ r 

Pleurobrachia t.scee.eaeeeeeeeeece nee ie — 
a Gnasher ee NE SS A ln i r 
Sarita ter aeieesaa:/-caneen seater ecm ane 1 r 
Crab uZOGar odes cess costnoeueeseeneeeieer rr — r 

Crab megalopa .........scseceeecereeees r. — 
Podone (2s. ek cess conte teen a caiasanee — r 

Evid se coicd canis coe eetenctesergnae nates r. — 
Copepoda, wee-cs.cecssestaessoroceeneeerie: is c 
Paracalamus> co. ceceesneensckieceee cena aT r 
MPOYMOLA:” sideccsceicecies sits ce eeeee seers 1 c 
Centropages .. cc ..-cc.seseessme-ese sass — c 

Anonialocera.. 2. o<cccetscoses tea eee eee ith —, 
A@arttilia, Wises vcheeeocccuewestasttensemeeee 1 c 
Oikoplewea a). ecera soc scmaes tein due it r 
Brill Co 093 dsc. seve nels do sess — r 
— r 


Rockling e998 .........ccccscwsseenereree 

The most noticeable difference between the two 
stations is the relative abundance of the Copepoda; these 
were more numerous in the open sea than close inshore. 
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The other organisms, with the exception of the fish eggs, 
appeared to be fairly uniform in their distribution on 
that date. A comparison of the plankton at the Ribble 
entrance on the above date with that of seven days 
previously shows a great change in the quantity of 
Diatoms on the two dates. On the first date three genera 
were represented, one of which was present in large 
numbers on the second visit, one of the forms had 
disappeared, and the prevalent genus had decreased so 
very much in quantity that only a few specimens were 
detected. 

On May 24th two tow-nettings were taken in 
Cardigan Bay, one near the Patches Buoy and the other 
off New Quay Head, about fourteen miles S.W. from the 
former. <A third collection was made off Dinas Head, 
about twenty-three miles in a westerly direction from 
New Quay Head. These three were all from inside the 
territorial limit, and give an idea of the conditions of the 


plankton along that portion of the Welsh coast. 


Patches New Quay Dinas 
Buoy. Head. Head. 


PAMIBOUNGUIS) vic a ctic ciseedouiosiensiencanes 
MOM VMIIATIANT. 0 doce se siocs sees cesesees 
PEANGHOVUEMMRE oF Bis oo icisciaisdn ete ienaceee s 


Pseudocalanus  ..5..s:is00ss0ns 
PALACALATIUS) «seis snnecse 0:0 doe 0000 
MLCHITOUD, Hd. sdapoceeeciseiosesdeses 
DONDOPA LES «sn ncccegccceciccesses. 
DARGPICUET) Vinee sdcceetcessevcderss 
SE ORES S40 1, otsicae.oavisin sels vineie's 
SUG PCO LS. on ccs v ence sess sencisens 
GAEMATOLC COS) oeshiceendebeaesesss 
OSES cs g cence vecaseeveneeucies's's 
ROCIO COGS oo Secescsceccssenes 


@ 

jo) 

sS 

(q2} 

sS 

° 

Qu 

i) 
eleetlwales se ts [ool psa Shs 
Papeete es ose |S [s| 
SP |p| PPaerh ese |] eee s 


The distribution of the organisms in this area was 
evidently far from uniform. The Copepoda in the first 
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two were practically identical, and they were more 
abundant there than off Dinas Head. On the other hand, 
Crab Zoea and Megalopa, though tolerably common off 
Dinas Head, were quite absent at the Patches Buoy. 
Four out of the five kinds of fish eggs occurred off 
New Quay, and two only at the other places. 

Three weeks later, June 14th, the same area was 
again traversed, and the following are the results then 
obtained :— 


Patches New Quay Dinas 


Buoy. Head. Head. 
Pleurobrachiag ene cercee eee — ae 1B oon C. 
Sagittaics ies eames eee arene ie aie — er G 
PUTO) Want to Gabe de heanedesadoconabee te r 1B — 
*eMiattarias ? * ceieticasuenceieacs tet iE — — 
Cra by 72008 1% Miah ota smear acc 1 ne Cc 500 F 
Crab megalapamn-csrescceseeaeee —_— os 1 sate i 
Copepoda ia: v5.5, seeeeteneacntnens Ds, Saree abie eee I 
Calamiis tscsuceceaotes cae ease — nee — biG r. 
Pseudocalamus 224)..22+ eres: r -— — 
Paracalanus. ..:4.chu.qessseseee Os wae G: 536 — 
PP OMOVS doc ssroas ee cienneasatetets c — T. 
Centropasesieenncs--cee-eaeeee r i r 
ACATUIS: “hicetcussacmetene eames coe! eae abe. ee — 
Oikopletra.« «. iisscedreusswsoces aos “= coe oe ec e 
Mackerel egos" 47... esters eens: 185 28 aes PGR _— 
Rocking €oes) suc. -orcase sence ce ots oR ae — 
Wieever'eoes te. cssccsresneacomert: — aus tes ate — 
Common Dragonet eggs ......... — 506 i 0 — 


There is very little difference in the plankton of the 
two periods, excepting a natural change in the kind of 
fish eggs. Copepoda continued to be abundant at the 
South end of Cardigan Bay, and scarce off Dinas Head. 
Acartia, which was not seen in the Cardigan Bay 
collections on May 24th, was extremely plentiful on the 
second occasion. Crab Zoea were more common off New 
Quay Head, and had extended to the region of the 


SEA-FISHERIES LABORATORY. 157 


Patches Buoy on the second visit. Off New Quay Head 
the sea was richly populated with the eggs of mackerel. 

On July 12th tow-nettings were taken off Puffin 
Island, in Red Wharf Bay, and off Kilan Head at the 
North end of Cardigan Bay. The results showed extreme 
differences : — 


Off Puffin Red Wharf Kilan 


Island. Bay. Head. 
INGELUICA, Bese c sacha dics dives seestses Weds Se veabst ee — 
STOMA coir deci Sa.stn.c.vinceS Abed sis « re ae — ro -- 
CEID ZOCl) AA ease een eee ibs ere — ae Cs 
Waabomealopar .......0 62. .n.02 eee i site — ae ©, 
We MOL OME ecole viele ns've dc gaciba wise oa - a — aa Wea: 
"UDR DOG Sy Gases sane aann aE aeer a Valeo” Jerse — tea aa: 
ATI Mirco said dawicnsaeneisdae Were. fe. _- ae c 
PR TIVOE AML ritsice's 45 canis Sasa ctse.te ds Vibe pases — — 
DEMGEOPALES. (0 .0.00% sn. sve nayusles v.r — C. 
MSSM Oo iss ebie i deaeagsieess — — fr. 
PATLOMIAOCELA) «2550005 co0n- soe snes — — fr. 
ANGEIT Cl ec Se ee Verse ee -— Pee RAV ras 
Scill occa) ERR ee — ae “= r 
Na MC OOS ate eas oi conedec ved ens en's — ee — I 
“GETS CLS ee ee --- ee — aoe ie. 
PAGO CIMMER CO OSS. 6 ho. eeaeceseneessdens — on: _— r 


The plankton in Red Wharf Bay consisted of 
Noctiluea only. Off Puffin, the chief constituent was 
again Woctiluca. The other organisms mentioned were 
represented by a few individuals. The collection taken 
off Kilan Head gave quite different results. The 
plankton there, at that time, was practically composed of 
Evadne and Acartia in great abundance. Calanus, 
Centropages and larve of crabs were tolerably common. 

Collections off Blackpool and at the entrance to the 
Ribble were taken on July 18th. These stations are only 
about six miles apart, yet the plankton was very distinct 
in each place. 
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Entrance 
Off Blackpool. to Ribble. 
CeragiUMetEUpOS!. “.eeaqaseces eoee seeeee Cc: was Tr, 
INoctilica es Actas. ccscocccsuteseeeeeenenes & : fe 
DAG UOGH A, 3 vistaigeicamsloelbteie weojel earns Serene — _ ty 
WEADUZOCA cise sas qcecceccuen tse Meeege si oe ©. a v.ab. 
Crabiinegalopar q..;jesccsedseetaeeoeteae ie ih v.ab. 
Copepoda 2. .cicp.cieosmsieneeclotonseeeaes VE: : ie 
Centropages’ ...-4 arecctnaa eee eeeee v.r. a8 Tt 
Memora 250s teste eeee eee v.r. ae i 
AMOMa LOCC ean erusee eee eee eeeee Vide 1 
AGCATLIA iicadad dee eetentecee ae eenee a r 
Orkopletray-'\ Sse eee eemeer -- r 


Noctiluca, though tolerably common off # Blackpool 
was almost absent a few miles away. On the other hand, 
the collection taken at the entrance to the Ribble consisted 
of little else than Zoea and Megalopa of crabs. Off 
Blackpool the former was fairly numerous, and the latter 
very scarce. 

The North Wales area was traversed again on August 
10th, and tow-nettings were taken in Llandudno Bay, off 
Puffin Island and in Red Wharf Bay. These collections 
differed from each other, and also showed great changes 
when compared with the plankton found four weeks 


previously. 
Llandudno Off Puffin Red Wharf 
Bay. Island. Bay. 

hi zosolemia pes... send secncens — tiers — hs re 
Cera trim tri pOs) fixecen-cecceeacee _ sts ie sek rr: 
INoctilUca aie cass ssustsnmnecnemee v.ab. — v.ab. 
Pleurobrachia: (iics....0-seeneenses — — Fi 
ASLAN: pe aecedasesmicce ete cmacs acento: r _ — 
Crab 2008: 5. j.xccateanedeccnashteens —— Gs = 
Crab megalopa a ..rmesseecensesaee r — Er: 
Copepodiar csc. mic duenssnetromeeastce — re ces 

Memora, we: Perr even p ht. — r. 4 r. 

Centropages . ca.cc.-cesecuaeinesee — r." ES 

ACATUG * osk onesie enedes een Waeeeer — Er. he 
Oikopleura. Ji se. henson — — ie 
WeeveriOoes, 2... ...cnsescce orem — — r. 


The plankton in Llandudno Bay was practically 
composed of Woctiluca. In Red Wharf Bay similar 
conditions prevailed, but the Moctiluca was mixed with a 
few other organisms. It will be noted, too, that 
Rhizosolenia was apparently just making its appearance. 
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The intermediate plankton in the vicinity of Puffin 
Island was quite distinct from that found at the ends of 
the area. There was no WNoctiluca at all, but Crab Zoea 
were tolerably common. Comparing these results with 
the condition existing a month before, we find that the 
sea close to Puffin Island was then swarming with 
Noctiluca, and that Crab Zoez were very scarce. In Red 
Wharf Bay we had only pure Woctiluca at the beginning 
of August, now other organisms are making their 
appearance. 

After the lapse of another month the area was partly 
investigated again, and at the same time a sample of the 
plankton in the Central area was secured. Collections 
were taken on September 7th in Llandudno, Conway and 
Red Wharf Bays, and in the vicinity of Port Erin. The 
following are results : — 


Llandudno Conway Red Port 
Bay. Bay. Wharf Erin. 
Bay. 
WCDI) os... Sg eee cons — — 1 — 
WEEE CCEOSN cence ccseecesenss = ss r. — 
EGHYZOSOICMIAL ..s<00. 000 oceccce — = ab. — 
@eratigmy TipOS  ....60:...5. °C. c. C: c 
Cerativnt fUSUS: ...0....6..000% — = 12 — 
TGC EUNICE) Savoy ons coc cecctesees Cc. Cc. Cc. = 
Pieurobrachia .......s2.00... C. == Cc. — 
ROME Diets oecie'ce 2 S0ieSo + oc ccn vs.sie C. c. c. Gs 
PRURUOUNTUIS! <ereciccie se ees vee ecees — — — r. 
UGIAGPLCTIS «.....--00-scceesees — — ie — 
BEDE ZOCH. caer eh vac sisae sess — C. — C. 
Crab megalopa ............... = @; er — 
ECA OTE ee oaiciccdsieseceuseee _— = — C. 
IBA TECM a stiscissceescecccosseeees — — — Cc. 
DONOPORA sn cciaccecenace sites c Cc. G ab. 
GD ANANTUIS? <.cccdeccctcsscccess — — — C. 
Pseudocalanus ............ — — — Cc. 
PAV ACHIANUS! occ. 00d Svewce es fre ir fr. c. 
Anomalocera ............0.- — — — Cc. 
1) 350) CO), 2 en ae fr. == — Cc. 
Centropages ........-..600 fr fit. it. Is 
RMON ome eec Soc ccd Ntacace« — — — vids 
PO MIOU TM Cao tcics cio eaverccles c Cc. Cc. C. 
POPP ON nai areise sve ssc ca ee — — — C. 
IONICS ase doce. cetcerate se — — ii — 
IPATACNEMISEO! ....0000cce cee ve = t. — 
My PERL dseae esac cc ves esses i — = a 
DHKOMICULE © Vic pe cesesnocss coos — = r. = 
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Noctiluca was less abundant, but the Copepoda had 
become more numerous, since the visit on August 10th. 
Diatoms appeared to be increasing, and /Azzosolenia was 
extremely plentiful compared with the results obtained a 
month before in Red Wharf Bay. The sea near Port 
Erin had a rich supply of Copepods, but no Diatoms were 
present. 

On September 14th one tow-netting was taken in 
Red Wharf Bay, one at the entrance to the Mersey and 
one in the vicinity of Port Erin. The results show some 
differences between the two coastal areas, and a very great 
distinction between the plankton of the coast and that of 
the Central area. 


Red Wharf Entrance 


Bay. to Mersey. Port Erin. 
RibiZosolenig, .cccsev sa. sesoonse cee r _— — 
Ceratiim: tripose eceeaseseeeee ee c C. oe 
Cerativum buss s2-c:.c.csa-scteeeee r rr: — 
Noctiluca: Acc eeccsssstee. teats c c. —_ 
Pleurobrachiay (iiss. secss-seee eee c — _ 
SAT as) Lo Meets eceseeeeaeee c r — r 
AuutOlytus:. ti. ..cstenaeeneeeewee eden — ae —_ de Es 
IMGtrabla:. cies ces eccmtecosooeeeeeeee 1 see — oar -— 
Crab Zea): .tebsccceoseaeeeee eres — r is 
Crab *mesalopawdee. vcceecccsoeee C: eae i — 
IB VAGING 5 faci acc sresiacirnateneeeeeeone — eee _ Cc 
POdON, x faiicdiot wopicosmotesen eee — eid —_ Cc 
COPEPOGS, os .<ccunccnetepcesaectiede eee i, 566 r, 6) 
Calamus: |. iis denees ccec-eeo reine —_ im — Sea fr 
Pseudocalanus .............ecee. — ~ fr 
Paracalanus: ..sscnesseeasenenee --- — fr; 
TOMOra eidsscsccivenetieaesaneseee Cc. I. fr; 
Centropages ...... caeeaspareeeee r he i fr, 
Anomalocera, ......<sscccceenseen a moe —— Be fr. 
NCAT ~ a dase nctstwse weteaceteece ne het Fe ae fe 
Oithonay cece nintgu oiueeedennals —_ siete — ee fr. 


OQHKOPISATS A seensaiaes oiebsccmenper —_— wee Yr. oe’ fr. 
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Considerable change had evidently taken place in 
Red Wharf Bay in the course of seven days. A week 
previous to this sample being taken the bay was full of 
Rhizosolenia, with representatives of Coscinodiscus and 
Biddulphia. Now we see that the two latter have gone, 
and the first has become very scarce. Copepoda continued 
to be very scarce along the coast, but were tolerably 
common in the Central area. 

A partial investigation of the North Wales area was 
again made on October 25th. One collection was taken 
off Puffin Island and one in Llandudno Bay. A tow- 
netting was taken in the vicinity of Port Erin on the 
same day, so that it is possible to compare the coastal 
plankton with that in the Central area. 

Off Puffin Llandudno 


Island. Bay. Port Erin. 
PDUCMUNIT A, cece vec ede secede uses — son oe Se ie 
DE HOCCTOS 2 pececne dacs sk dos ssse sate c. ve c. a ab. 
WOSCINGAISCUS, kaeccccechicccceccnes ab. a WED. coe CG. 
EMIZOSOLCTIVAN a sone cs ccce de cdoes sede @ C. — 
Cerri tEPOS  «...66ss cece eee es e Ce r 
(CE ANDER 201 Cr ee ara . Cc. — 
GEKA FOSUS o.ccccee eres vec ceees c Cc. r 
HSM O TACHI, ai .-. <ctivs ccav ve sene r r. iP 
BOM AME eins Saat dacls'n vce eisai’ v.ab. e e 
OMEIOOD) cere ok oiserieieitecers enscsele v.ab. © ab. 
A ZHI So nsokagseec sce Cones — on — sfigs 1. 
PSEC OCAIANUS .. 2.2. 00redeceees — ame — days fr. 
ETIRNCALAING! 5. )c0 see secisiesie vs ene os e a 108. 
PATO metals ro. aitls cies saat Sue wakce'n ae oe c fr fr. 
ETIEOPA SES | 5.) 50003 seein cee penises Op wie ie siete — 
LUCASHLG), (BRS ROGECOR OE AEC ee aEee c. ioe in: Ane Cc. 
MEATIINRE  D ois oelessie Hee oh eeiewiceoes e. ste fr. Se 1 
JS Se — a — at its 


The above tables show that Diatoms had become very 
numerous in the coastal waters of North Wales, and also 
that, although they were not uniformly distributed, the 

M 
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visitation had extended to the Isle of Man. The most 
abundant form along the North Wales coast was 
Coscinodiscus, while Chetoceros was the most conspicuous 
at Port Erin. Sagitta was extremely plentiful off 
Puffin Island, and tolerably common in Llandudno Bay 
and at Port Erin. Copepoda had increased in quantity 
in the coastal area in the course of six weeks, and were 
also abundant at Port Erin. 

On November Ist one collection was made at the 
entrance to the Ribble and another in Red Wharf Bay. 
These show that Diatoms were widely distributed in the 
territorial area. 


Entrance to Red Wharf 
Ribble. Bay. 
COSCINOCISCUS  _eisa.cse oat. ee Cc. C. 
Rhizosolenia ...... petted saetaaiiae Meehan Te i 
CeratimmitripOs sew. sno ose c. c. 
Cera HUM AUSUS Ho. ccte Gosees seem cade cots Cc. — 
INGebiIes,. Le ed aceeeance notes meaner Cc. Cc. 
SaSvtGa vy icv aaceMececaseeetsconcemece ns see Ee c. 
Crary Zoeay note ks wan cease eee oe — Tr: 
Crabimecalopa ve. ..s.neecsccceeee anes — Ee 
@opepoda, csisidyctneswinonsereeteesenene eae: ab. 
Calanus:. a. cactecensseacree eee taee —_ if 
Psendocalanusiseacdeocccsseeee ees — c. 
Paracalanus: Gpic.c.asecseereeeee nets — ab. 
CREM OVA: Jssiasciatiorsvde chine one eee tee ten c Cc. 
Cemtropa@ess ware cenenscntece mace <cantere c. Er; 
OUCH OWE ceva nscet eek ease as eee eee Cc. aay C. 


Copepoda appeared to be more plentiful in Red 
Wharf Bay than at the entrance to the Ribble, and there 
was also a greater variety at the former place. The 
other constituents of the plankton differed very slightly 
in the two samples. 

Two or more surface tow-nettings taken in the vicinity 
of Port Erin on the same day also show that the plankton 
may be almost identical at different spots at one period, 
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and that variation may be considerable at another date. 
On successive days one may even find that the quantity 
and kind of organisms undergo changes more or less 
marked. 

On April 6th one tow-netting was taken in Port Erin 
Bay and another off the Calf Island. These show a certain 
amount of similarity. 


Port Erin Off Calf 
Bay. Island. 
PSA UMMA jonah oxinse ees Sue ecU ott 00 ceva ab. woe ab. 
ETENOCCEOS  aieeis sca st icide socesedeas susie. @ 500 cs 
WOSCIMOGISCUS) Gis iin caves sts cueeee sens v.ab. nee v.ab. 
EE ACO LOWE), gia, /a0. cee sea ceeetteiWaceees’s — 568 ts 
PME TNUTOUMCULAD os veciceieith eck s oce nso sive sie r = 
Pera MM CENPOS! 2662 ee ecceceds cece sees i Si _ 
SrA MMIMNMAISUS. Bee. cs ces evades steccs sens r = 
SSMBEAME Ae en caciiewssstbent era ossbereeyas Er = 
BaP NNT Ate ester e cists cs bn cine See's oe 84 r r. 
Mampi ok barmacles  ........%...566.6% c ~ 
SPMEMEZOC UMAR Ey tec factories seis ccislc anon ai’ i, —_ 
"JUMSIIOCE), acta enencne eee cena C: Cc. 
SEMOOCAIAMUS. <i cose. Ssscsteebreesne fr fr. 
GURGIE) 569 ca REN RO Gee ESE Ene oe oe fr fr. 
WEMBEOWAGES © noes scenes See csG ssleide os ie, ip 
AsGAIBUIE). eae gee area SESE Mae aE ee aie fr 
(CNUVOVD) TA sa its Gall ee ee en ee fr. ane fr. 
PNBUMAT OH COTS 2. oir tocnck ace as cel evws — r 
EMAL GCL ES, ra. sh aides vacsies binascyae’> asie.aa.s ie r 
BABI REO SY reel stclasidlaasiiaiesin's @ anlt.caiad oseieo-o it, oe r 
ROR ANTI CO CS) ners sae ncewncite oceaee ve ity Bree _ 
Hommon Dragonet ..........0:0.0.0c06 tr mes r 


Diatoms and Copepoda had a uniform distribution in 
these areas at this time, but the other organisms 
mentioned were evidently limited to Port Erin Bay. 

A few days later considerable variation was found in 
the plankton in Port Erin Bay and its immediate 
neighbourhood. On April 9th one sample was collected 
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in Port Erin Bay, and another just outside the seaward 
hmit of this bay. 
Port Erin Outside Port 


Bay. Erin Bay. 
Bicglpla: ~ cee. cea cvesssscae- cere ab. eed E; 
CHetOCELOS  Abicost4avcedaenteveesoenaeter & se — 
WOSCIMNOGISCUS — «c.cecessssapchlnaeree ae v.ab. ue fee 
UGIZOSOLEMIA:. | /..<< siccevescceisemack seme aes r -- 
CeratiumMiatEtpOS= —.scsceeeeeo eens r = 
Ceratiuma LUSUS' ssi. sc sceeceremeaeeene 13 a --- 
SSA OUG bac ccs eves ten ccisne sotoomaemoene setae r ¢ 
Naupli of barnacles. “sr--.-caesasas: ff - 
Oopepodars. drndesunnetesasosnceeseree c ab. 
@alaNUS, cassiic/ccceslac aes scouas egemeres — fr. 
Pseudocalamus cov.ccsmecccccneseensees fr eC 
MOMOPE “az neid'seetess see cioseeetassoestac fr ses ce 
Centropages che aanaretedeeeacessee Te at. iin: 
INCE LL Dss Sint wctcleactaie toate case enan eee binge ot ©, 
Ott MON a wcpaccevcewnk ondaceoedeaneeeeeee fr. si fr. 
hens: Rough Wabecesie snc. ce.vadses- = a is 
Solemettereg es, \icins saesee-camcenctrace: fr. si — 
WV UMGITTONC OOS, pt cocosscien Me ere nece mentee — iF 
EMAC RO OSE A Rablewsde ane canna cteaee dere aes — one ig 
SLAG COS vee sc scot coeuitoeiaasicsonsser — af. i 
LOGIN OSES OS, Foe acncbcesn senten see ica a r 


On this occasion Diatoms were confined practically 
to Port Erin Bay. Their relative abundance was the 
same as three days previously, and it will be noticed that 
a few Rhizosolenta were now found. Outside the limits 
of the bay we find an almost entire absence of Diatoms. 
One or two Biddulphia and Coscinodiscus were all that 
represented this important class of plankton. The 
Copepoda in the bay appeared to be fairly stationary, but 
out in the open sea they seemed to be increasing in 
quantity when compared with the sample taken off the 
Calf Island a few days before. Sagztta had also become 
tolerably common in the open, but still remained very 
scarce inside, 
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On August 24th collections of the open sea and 
inshore plankton were again taken. The open sea 
sample was collected three miles West of Bradda Head, 
and the shore one off Fleshwick. The latter place is 
about five miles due East from the former. 


3 Miles West of 
Bradda Head. Off Fleshwick. 


Ole LOCEROSIR Ne is edienncieennsueene vended tees 


r. 1 
CSCAEMUMMETIPOS: . css csscseccoesssvuesee iN. ap c. 
NS fovee cM Odes obi inac vice? visdie seeae dies ceo’ —_ ie 
IDIOM PPE er Sainhacc oo: ci te cadaca.coeosees — I 
LP OGIO. coscd Ma enon CHCA aoe oe Ear ane — I 
PEAOMAOC AM Mee ocicsacenn.gsereedvosss G40 es i r 
Crab megalopa ............ are aWe ye r. aoe -- 
OOOSOOGIA So aee NARA e earner ener ae ah. te ab. 
ISCUGCOCAIATIUIS, Sasccseccescccceeeessee = a fr, 
HAC A ATANS: 4.0. /c css di evigies aed oeevaus'ecc’ @ c 
Bh TINO MMe eee ee eas sicisrcmeie a scnee be — Ie 
PMITOMUALOCELA: sassy sev vais se siceis vibe so seesis r = 
Bara WOMbellay <4 shies sa csaess nce soo sae’s r _- 
LUST. o doce Ban USAR SC OSE EERE eae fr ie 
EXOD)” RENO BOERS CEOS eee EEE fr fi 
MGMOM Bea ce wee hccoenls aanits venevnes (o; oe @- 
CLEC [DIK TE eerie eta oer ir a ie 
DE CMETICOOS a Set ch odaies onainie cls cae viet ov.0t iL ios ~- 
Quantity of Material ............ 3) Cis Nee 5) GAO 


The most noteworthy difference between these two 
samples is in the quantity taken. The plankton inshore 
was evidently more abundant than in the open sea. There 
was also a slight change in the variety of organisms 
captured at the two places. Copepoda were just as 
numerous at the one station as at the other. Anomalocera 
and Parapontella were noted in the open sea but not 
inshore, while Pseudocalanus and Temora were found 
inshore only. 
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Inshore collections were taken on August 28th off 
Niarbyl and between Peel and Jurby, at a distance of 
about seven miles apart, and gave the following results : — 


Between 
Off Niarbyl. Peel and Jurby. 


Chetoceros feet ete ee ae fr. © 
Ceratiumitripos)y pesscesaeeeetee see eee iil G 
Autoly Gus. cc .cscqne erect css es a Ty 
Crab 20a. ccc aeesaeneencus teeters ie 
Crabsmevalopaseamssseeee seeeee teeter -—- ‘s 
POGOD:. « acteeruac-an ee ete ececon cee r — 
Hivadness.cccces sees ree aesare eee eee 8 — 
Copepodas 22 a. ticncen cnet reece c c 
Calamus: <5 jus. c0Ot sens. cearecenaneee r Cs 
Pseudocalamus 2:2. q.c -¢ ssaceononseee fe — 
Paracalanus: «3.7, stemepwesmcmoesens ts r i 
Memora ccincaes osSeortousen ven teences see r — 
Centropages r i 
WSIASS cevepclscandespens dathtucmeneeee erocee rc — 
ACETHA) nv decoscasteee semedeemueers ibe aii fr. 
Outhonma yy cu.bee.c.acume ener re cemee ae c. a G, 
Oikopleura: ts... Sixx cc Meponectre ty mesete i, sted Ds 
Mackerel esgs': \. sn: gccnsosesccecmeeen se i abe — 
Rockling egos) ssa aee ae eae e ah 1 
Quantity of Material ............ 3 €.C. 36 13 c.c. 


These collections again show considerable variation 
in quantity of plankton at different places on the same 
day. Diatoms were more numerous off Peel than at 
Niarbyl, the other organisms also showed corresponding 
changes in distribution at the two stations. 

On September Ist a sample of the plankton in the 
open sea four miles West of Bradda Head was taken, and 
also an inshore one off Niarbyl. The latter is about eight ~ 
miles Hast-North-Hast from the former station. 
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4 Miles West of 
Bradda Head. Off Niarby]l. 


‘CIDTEHOGRIEOS: Mateos she Be enon Rasa aeeeE anon ibe. r 
CeratAMMMGELPOS! “c..500..20.00-ceerea cece. ire 6 
SAYS 2 ge R ba coseebode GEOD Dae Cone eaee ame — r 
PM GM AA Me ier asc) spies Seine cine once _ r 
Se MBAG CAE EG: cau iio <r seleineis weletes-oienisie 1 c 
Er WMMCTAIOMA) .ceccens veces ers ccoesensnss ip r 
ICL OD do dtdchlieet see c Asst aE ee ce arene — c 
OPEC AN pieces 22 ocactavesawedses see nne Ts ab 
RU eA Soe tater ictstatSn sioienjeeisiae’o veiecwn scene — ae fr 
IPSCHOOCAANUS .cccscecscsesecaecsvees Its r 
PAMACONATIUG) /.ioc cess sot oe vce seeescenecs = ig 
REMELOPIIES) 05000 ceerwe coe secincseens 18. fr 
PAMTONTA LOCCLA: saci ccaicisrs sessieeeesette ccm ifs fr 
WR AGILOCCLE) ssc cineisce onsieiese ses ee ceeel — r 
Pee eat ches cio 2 cinin siete dieraie gs Sereiense'sie's se ce 
SOAR tonecicte co «| covsisiles'sitte eines vedena 108 fr 
SPRATT ANS aie cielsviela sin vcevietieica eis vee es fr. c 
SS IPEERC SOS sors fraiecibies class ceiniata'en tier veseieee ie os — 
Ete IONE SOS i n'-Ulaian co inivcinicnisie cin sais — Es it 
Quantity of Material ............ eke: a 4 c.c. 


It is evident from the above results that the sea 
contained a more abundant plankton close inshore than in 
the open, and also that there was a much greater supply of 
Copepoda off Niarbyl than at the outside station. On 
comparing these results with previous ones obtained in the 
same areas, we find that, although there is not much 
change in quantity between the plankton off Niarbyl on 
August 28th and September Ist, the relative abundance of 
its constituents had altered at the later date. On the 
former date Chetoceros was fairly conspicuous and 
Copepoda only tolerably common. Four days later it will 
be noted that Chwtoceros has almost disappeared and 
Copepoda become abundant. ‘The collections taken West 
of Bradda Head, besides differing in quantity captured, 
also show a complete change in the relative abundance. 
The conditions are just the exact opposite from the 
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Niarbyl plankton. On August 24th Chetoceros was very 
rare and Copepoda abundant, while on September Ist it 
was found that Chetoceros had become conspicuous and 
Copepoda scarce. 

On September 10th tow-nettings were taken in the 
open sea, one nine miles West-North-West of Port Erin 
and another five miles West of Dalby. The latter station 
is about five miles due Hast from the former. The 
following are the results :— 


9 Miles W.N.W. 5 Miles W. 


of Port Erin. of Dalby. 
Chastocerosea acters ik AA ar 
Coscinodiscusi oc -seceeesc eee eecoeee = SPs sae — 
Rhizosoleniian a cacniecsmconeeseceseenereees _ r 
WeratiumectEipOsy  ..scc cece oseceee eee 1 fr 
DACULA, “cisciensemeca cecdroncecsusssnse evince iP iP 
Autolytus ........ oe ai aetna seas ers — soe os 
POG OM pcre toneacon eee oceans neaores _- ip 
IVACIIC 2. cs cake badsivese ie maetene toacencees — r 
Grab Zoed: ssaccvecensstuee esata secu if fr 
Crabrmegalopa: f. casacccmmacccee emerek i Ber fr. 
Copedoday 2.4. canstuccsaaecnee gedaan € ab. 
Calanis). s\oscs.daceee acceeieek csaeet eas He ee fr. 
PsecudocalanUsi----eece cease taeaeetr os fr 
Paracalanus -2i. vaste cosets eee — fr 
MPOMUOLS Eo h:espcateoceeectaeeeeeeeantet r — 
Centropages fee. .4-ce-e- eee eee creer in ae fr. 
ATIOMALOCENAs. 5 cox sinadecesmiereestdeees ik ae fr. 
ACartlai: cccaseetadcerecucken eee ntact vie wee fr. 
Oithona ~...iccmiecndeosecereeet seems te cae — 
Oikopletira « ...ccccitwecsdsesensase cele — = 5 (SF 
SPL CLS <saia:cwarion mesicewet ecmteermmate ne a — 
Quantity of material ............ O25.C:.0. ses 6 c.c. 


The quantity of plankton in the two areas evidently 
differed very much. One would naturally expect to find 
that the larger gathering would contain exactly the same 
kind of organisms that were present in the small catch, 
especially as the distance that divided the two areas was 
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comparatively short, had distribution been uniform. We 
find, however, that four of the constituents of the small 
eatch were absent at a spot five miles away. It is obvious, 
then, that there was no uniformity in the plankton in 
these areas on September 10th. 

A week later, September 17th, collections-were taken 
eight miles North-West of Port Erin and five miles West 
of Cronk, which gave the following results :— 


8 Miles N.W. of 5 Miles W. 


Port Erin. of Cronk. 
ESGLCUDINT ED F(eniie olicoie vlejon ow inicove vie vin eine IP, es Is 
AOC EOS! ois rcieincio.vnis vn‘sivininns.aie.ee othe vu sie —- a rs 
WESCIMOMISCUS! 2 i.scc50 clase senses envares ie ae re, 
CECA IMINTENPOS. 26.0 cee os eeeses mene cee ite, one @; 
SINCE cick aie Seite i cniclv dis viewed dea da P, whe — 
PATE OR GUIS MM at fa lets aoc sistas njeoislo’deiatsie'e gae's's — — 1 
‘JOPDSDOCES CokgssEScuEeene sone nc en orrnnan ae soe ce 

ECMO PAGES geicie nnrailt nicersiemieleeie wnien'elie 10 nae 1 

PABTOMMALOCCLAY « siiaisiceaecievensicdigenccece ss —- wile C. 

LICAINGES  SocS Ease NacUR ene ea Cree pepe oe r. 

MB ig ON eee ks artes sic larieitars welelsg-eis¥ o's if ee iB; 
Wilco OLS eo eiaiciese ciieins wiseireiitionisieneih oe — ee ite, 
NUS OO Smee ic ise cideizrse <iecivianfale coeceleye's — ae if 

Quantity of material ............ 05 c.c. sat 3) (OL 


The difference in the constituents and the quantity of 
plankton taken are well marked in this instance. The 
distribution was probably more uniform than on September 
10th, as only one of the organisms in the small collection was 
absent from the larger one. The first station in the above 
list is about three miles Hast-North-East of the area, nine 
miles West-North- West of Port Erin, visited on September 
10th. A comparison of the plankton taken at these two 
places on the dates given shows that considerable changes 
had taken place in the course of a week. The amount of 
plankton in the water was about the same on the two 
dates. On September 10th Chetoceros and Coscinodiscus 
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represented the Diatoms; both were scarce. A week later 
Chetoceros was absent, Coscinodiscus had become more 
numerous and Biddulphia was found. Copepoda were 
tolerably plentiful the week previous, and such forms as 
Calanus and Anomalocera were quite conspicuous. Six 
genera were then present. On September 17th the 
Copepoda had almost disappeared. Only three of the 
genera observed on the former visit were found, and these 
were represented by a few individuals. 

We sometimes find that the pelagic hfe of the sea 
undergoes great changes in a very short time. Organisms 
that may be abundant one day are often quite absent on 
the next, and collections taken in the same place on 
successive days rarely give identical results. 

On August 22nd and 23rd the sea North of the Calf 


Island was investigated, and the following organisms were 


found :— 
August 22. August 23. 
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NCAT GA sa iece tere vai veh Rodis aapaeecietnatet Wale wine — 

Oithonay/ossctisce. sachs coe aee ie ue C, 
Oikopleura | \...27skete-paee eee be a8 — 

Quantity of material ............ 2 C.c. sth lex. 


The first visit gave a greater number of organisms 
than the second. Copepoda, although very scarce on the 
22nd, were represented by four genera. Next day this 
eroup was tolerably common, yet only one genus was 
noted. 

Collections taken off Niarbyl on August 27th and 
28th and September Ist showed differences of various 


kinds. 
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August 27. August 28. Sept. 1. 
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On August 27th the pelagic life was far more 
abundant than at the later dates. The Copepoda varied 
in genera and relative abundance each visit. Podon and 
Evadne, although tolerably common on August 28th were 
quite absent on the previous day, and only Podon was 
noted on September Ist. Sagztta was not found either on 
August 27th or 28th, but was represented by a few 
specimens on September Ist. Crab Zoea were found to be 
tolerably common on September Ist, scarce on August 
28th, and entirely absent on the 27th. Megalopa were 
only noted on September Ist. 

Tow-nettings taken at longer intervals in the same 
spot frequently show extreme variations. This is well 
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illustrated in the results obtained from collections made 
in Port Erin Bay on September 25th, 26th, 27th and 
on October 4th. 


Sept. 25-27. Oct. 4. 
Biddiilphia. 6 lack seteioettes octane 1p Ebi Valle 
Chiestoceros © (i 2eesse. eau a Meee ab. ‘ste Wane 
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Ceratium tripos~ 2: ns sessment sec ie re i 
Pleurobrachia ............: esate i om --- 
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S DCE TSO) 1 Heine plea eae ie iene ORR fr fr 
UN CaM Ulan J. ck atc aeeeneee Gea ee c. is G: 
OighOna eiAe eases eae eee fr. e 
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On September 25th the sea water was filled with 
Diatoms, chiefly Chetoceros. Sagitta were tolerably 
common, Copepoda were fairly numerous, the most 
plentiful being Acartea. During the next two days 
similar conditions prevailed, not only in Port Erin Bay 
itself, but in all the outer area from Bradda Head to Bay 
Fine. On October 4th, just a week later, the conditions 
had completely changed. Diatoms had almost vanished, 
only a few individuals belonging to the genera mentioned 
were found. Copepoda had, however, become extremely 
abundant. Pseudocalanus, Paracalanus, <Acartia, and 
Oithona all being tolerably common. The water was less 
densely populated with organisms on October 4th than 
between September 25th and 27th. 

The table opposite gives the results obtained from 
the tow-nettings taken in the vicinity of Port Erin from 
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July 22nd to November 5th, and includes the special work 
on the s.y. “ Madge.” 

It may be argued that the plankton near the land is 
more susceptible to sudden changes than that of the open 
sea; that winds, currents and other agencies have great 
effect on local distribution; that the further one 
proceeds away from land influences the results will be 
found to be more equal. Against this it may be stated 
that regions where winds and currents have no effect are 
difficult to find, and one has to make the best of his 
opportunities. My own experience, from a long dealing 
with plankton from many regions, is that one very rarely 
finds exactly the same kinds of organisms or the same 
relative abundance in collections taken on the same day. 

A recent expedition with the Hensen net across the 
Irish Sea, from Piel Gas Buoy to the Isle of Man, gave 
very interesting results. On November 13th, starting 
from Piel Gas Buoy and proceeding in a north-westerly 
direction to the Isle of Man, four hauls were made. The 
first haul was taken six miles from the gas buoy, the 
second fifteen miles, the third twenty-four miles, and the 
fourth forty-two miles off the buoy. Each of the three 
last hauls was made nine miles away from the preceding 
one. The net was lowered to a depth of ten fathoms at 
each station and then drawn slowly to the surface. ‘The 
water everywhere was found to be teeming with Diatoms. 
The first haul contained a great abundance of Chetoceros 
(four species) and Lthzzosolenia. In the second haul 
Coscinodiscus was the chief constituent. The third haul 
contained an abundance of Mucampia and Rhizosolenca. 
The fourth haul was very similar to the first. Copepoda 
were comparatively scarce throughout the traverse, and 
consisted mainly of Paracalanus and Orthona. ‘The first 
haul contained one Calanus and six Temora. Temora was 
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not taken again, and the second and third hauls had no 
Calanus. The fourth haul contained eight Calanus. 
Amongst other things, WNoctiluca and WSagitta were 
tolerably common in the four hauls. 

The cruise was continued to the West side of the | 
Isle of Man. Six miles North from Peel another haul was 
taken, which showed a complete change in constituents. 
Three Sagitta and sixteen Calanus were found. Pseudo- 
calanus, Acartia and Ozrthona were tolerably common. 
Four genera of Diatoms, represented in each case by a 
very few specimens, a few larval Polychetes, Ceratiwm 
trepos and C. fusus, and “ Métraria” but no Noetdluca, 
were taken. It is probable that the few Diatoms present 
in the fifth haul had remained attached to the meshes of 
the net since the previous haul. A collection taken with 
an ordinary surface tow-net near the same spot did not 
contain a single Diatom. Otherwise the constituents 
found by this net were the same as those contained in the 
Hensen net collection. The quantity of material taken 
each time the Hensen net was hauled differed in every 
instance. 

The colour of the material collected in hauls I.-IV. 
varied from a decided green to a greenish yellow. The 
first haul, from its characteristic colour was obviously 
mainly composed of Diatoms. Haul V. was almost white 
in colour. 

The following table shows the results of the five hauls 
with the Hensen net :— 
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Resvutts oF Five Haus TAKEN WITH THE HENSEN 
VerticaAL NET ON THE SAME DAY, NOVEMBER 19TH, 
1906, IN DIFFERENT PARTS OF THE IRISH SEA. 


Quantity in cubic centimetres ......... 
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The following tables show the occurrence from month 
to month of the various organisms identified in the 


plankton collected from the areas named in 1906 :— 


Blackpool. 
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Asterionella bleakleyi 
Biddulphia mobiliensis 


Cheetoceros constrictum ... 


Cheetoceros debile 
Chetoceros decipiens 
Chetoceros teres 


_ Coscinodiscus grani 

Ditylium brightwelli 
Eucampia zoodiacus 
Melosira borreri 
Rhizosolenia semispina 
Rhizosolenia setigera 
Rhizosolenia shrubsolei 
Ceratium furca 
Ceratium fusus 
Ceratium tripos 


Noctiluca miliaris 
Pleurobrachia pileus 

Medusoid gonophores 
Sagitta bipunctata 
Autolytus prolifer 


_ Larval Polycheta 
‘“* Mitraria ” 
Crab zoea 
Crab megalopa 
Mysis stage of Crangon 
Mysis 
Idotea marina 
Hyperia galba 
Calanus helgolandicus 
Pseudocalanus elongatus 
Paracalanus parvus 
Temora longicornis 
Centropages hamatus 
Labidocera wollastoni 
Acartia clausi 
Oithona similis 
Caligus rapax 
Copepod nauplii 
Oikopleura 
Ascidian eggs 
Fish larve 
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Off Shore Stn. 


No. 2. 


Off Shore Stn. 


No. 38. 
Lune Deep. 


Laxey Bay. 
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FAUNISTIC NOTES. 


By ANDREW SCcoTT. 


Young Fishes, Leptocephalus morrisu—Plate V. 


A perfect specimen of the tape worm form of the 
Leptocephalus stage of the conger eel was found by a 
local fisherman on April 30th, 1906. The fish was dis- 
covered in a small pool of water, left by the receding tide, 
on the shore, on the east side of Foulney Island. The 
Leptocephalus was living when captured, but as the 
fisherman had no means of keeping it alive it soon died. 
The man handed the specimen over to me soon after he 
got it. It was then fresh and perfectly transparent, 
quite soft and flexible. It was so transparent that 
ordinary print could be easily read through it when 
placed on a piece of newspaper. In extreme length it 
measured 118mm. The weight of the fish after removing 
the superfluous water was 1°2 grammes, and its volume 1°5 
cubic centimetres. The greatest dorso-ventral height of 
the body was 9 mm., and it was broadest about 65 mm. 
from the tip of the snout. The myotomes were fairly 
- distinct, and 151 were counted. ‘The fish was colourless, 
with the exception of a row of black specks along each 
side of the ventral margin of the anterior half. There 
was also a similar row of specks along the lateral line, 
beginning near the greatest height and extending to. the 
tail. The black specks appeared to be placed at the 
junction of the myotomes, and were very crowded towards 
the tail. The presence of this rare form so far inshore 
is apparently unusual. The specimen captured was 
probably only a wandering individual, as no more have 
been seen. The figure is from a photograph, and 
represents the natural size of the fish. 
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Amongst the other young fishes found in the tow- 
nettings we have to record the occurrence of post-larval 
herrings. - On January 23rd, 1906, a large number were 
found in a surface tow-netting taken off the Patches 
Buoy, Cardigan Bay, and also on the same day, off 
Llanon. A surface tow-netting taken in the vicinity 
of the Bahama Light Ship, on February 20th, contained 
one specimen, another tow-netting from Conway Bay, on 
March oth, contained three. The majority of these young 
fish measured 15 mm. in length, one or two 25 mm., and 
one 30) mm. ‘The other young fishes have already been 
dealt with. 

Fish Eggs.—aA table showing the distribution from 
month to month is given above. The first occurrence 
of plaice eggs during 1906 was in tow-nettings from the 
Patches Buoy, off Llanon, in Cardigan Bay, on January 
2ord. They were again obtained from near the 
Liverpool North-west Light Ship, on January 3lst. From 
the latter date onwards to the end of March, plaice eggs 
were tolerably common in many of the tow-nettings taken 
in the open sea, and in territorial waters. The eggs of 
the Anchovy were found in tow-nettings taken off 
Aberdovey, on June 14th, and July 23rd. This is only 
the second time we have met with Anchovy eggs during 
a period of ten years. Their occurrence in British seas 
was first noticed by the late R. L. Ascroft in 1896. The 
eges were taken in a surface tow-netting from off Lytham 
Pier, and identified by Professor McIntosh. The | 
following fish eggs taken in 1906 have not previously 
been observed in the plankton of the Irish sea. Long 
Rough Dab: One specimen of the characteristic eggs of 
this fish was taken at Port Erin, on April 9th. The egg of 
the Long Rough Dab is about the same size as the plaice 
egg, but is easily recognised by the large size of the 
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space between the egg capsule and the yolk. Variegated 
Sole: A few specimens were found in a tow-netting from 
the vicinity of Nelson Buoy, at the entrance to the 
Ribble, on May 3lst, and in another from Lune Deep, 
about five miles south of Piel Gas Buoy, on May 14th. 
Ling: The eggs of this fish were taken off Port Erin on 
April 9th, and off New Quay Head on May Ist. Mackerel: 
Large numbers of eggs belonging to this fish were found 
in the plankton samples from various parts of Cardigan 
Bay in June and July, off the entrance to the Ribble in 
the latter half of June, along the North Wales coast 
about the same time, and in the vicinity of Port Erin 
on August 27th. A very extensive incursion of adult 
mackerel took place during 1906. ‘The fish were caught 
in various parts of the Irish Sea, between New Quay and 
the Duddon, from the beginning of June right on to the 
end of September. Two species of ecto-parasites of fishes 
were taken for the first time in the Irish Sea in 1906. 


Caligus zei, Norman and T. Scott. Plate I. 


Several specimens of this species were found attached 
to the skin of a “John Dory” captured in the trawl of 
the “John Fell,” while fishing off New Quay Head, on 
June 16th. The only other known specimens of this 
species are in Dr. Norman’s collection, and were taken 
on a “John Dory” captured off the coast of Cornwall 
forty years ago. The female represented by the drawing 
on the plate measured 6 mm. in length. 


Lernzenicus encrasicoli (Turton). Plate II, figs. 6-9. 


A large catch of sprats were taken off Blackpool on 
February 19th, by the fisheries steamer, and a few 
hundred of these fish were landed at Piel. <A careful 
examination of the fish was made, and one sprat with 

) 
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two of the above-mentioned parasites attached to it, and 
another with one, were found. The parasites were 
embedded in the tissues at the anterior end of the dorsal 
fin. On dissecting one out it was found that the head had 
penetrated to the visceral cavity. Fig. 6 represents the 
natural size of the sprat and its parasite, and also shows 
the position of attachment. Fig. 7 represents a dissection 
showing the head of the parasite passing into the visceral 
cavity. Figs. 8 and 9 represent two views of the head 
and illustrate the difference between L. encrasicolr and 
L. spratte. 

The following ecto-parasites of fishes have been taken 
within the past few years, but illustrations are now given 
to show the differences in the appendages. 


Lernezenicus sprattz (Sowerby). Plate IJ, figs. 1-5. 


This parasite is not uncommon on the sprats captured 
along the Lancashire coast. It differs in the manner of 
attachment to its host from ZL. enerasecoli. All the 
specimens of L. spratte that we have seen were attached 
to the eye, as shown in the illustration. The barbed 
head is inside the eye, and the parasite apparently feeds 
on the semifluid matter. The neck of the parasite is 
corrugated for some distance from the point of its attach- 
ment to the body. In ZL. encrasicoli the neck is quite 
smooth. The lateral projections of the head differs 
somewhat in the two species. In L. spratte they are 
directed backwards, and in L. encraszcoli they are nearly. 
at right angles to the head. The appendages in the two 
species appear to be identical, and consist of one pair of 
antennules, one pair of antenne, and four pairs of 
rudimentary feet. The four pairs of feet have probably 
remained in the same condition from the free-swimming 
larval period. 
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Lernanthropus kroyeri, van Beneden. Plate III. 


We find this parasite occasionally attached to the 
gills of Bass (Labrax lupus), caught at the entrance to 
Barrow Channel. When living the animal is a dark red 
colour, and rather difficult to see. It differs from any of 
the other ecto-fish parasites with which I am acquainted 
by the possession of a peculiar appendage situated close 
to the base of the antennules of both sexes. The 
appendage is of irregular shape, somewhat pointed 
towards the apex, and apparently composed of two joints. 
Its situation and structure are shown by fig. 3 on the 
plate. The female is about 21:7 mm. in length, inclusive of 
the thoracic appendages. The male is rather different from 
the female and is about 10°55 mm. long. It apparently 
lives as a parasite on the female. I have never come 
across any that were isolated, and living directly on 
the gills of the fish. The appendages are nearly identical 
in the two sexes. They consist of one pair of seven- 
jointed antennules, with secondary processes, one pair of 
antenne, one pair of mandibles enclosed in a suctorial 
tube, one pair of maxille, two pairs of maxillipedes, and 
two pairs of rudimentary feet. The outer branch of the 
second pair of feet of the male has a slightly different 
armature from that found on the second pair of the female. 
The outer branch of the female second foot is armed with 
four spines, while the male has two small spines and a 
number of minute teeth at the apex of the branch. The 
furca are large and conspicuous. ‘The spermatophores 
frequently found attached to the female are globular in 
shape, and of a dark brown colour. 


Clavella labracis ?, van Beneden. Plate IV. 


While trawling in Luce Bay for large plaice tor the 
tanks, a few Crenilabrus melops were captured amongst 
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the other fishes. One of these was dissected and a few 
Clavella were found attached to the gill filaments. In 
general appearance the parasite resembles van Beneden’s 
species which we have already recorded for the Irish Sea 
from another kind of wrasse. Our first specimens were 
found on the gills of the Ballan wrasse (Labrus bergylta). 
The present species is a very small one, and is only 1 mm. 
in length, exclusive of the egg sacs. The species has 
only one pair of maxillipedes. The antennules are five 
jointed and armed with short spatulate hairs, the first 
joint has a short, thick hair placed on the lower margin 
near the junction with the second joint. The antenna 
are in the form of very strong slender hooks. The 
mandibles and maxilla are rudimentary; the former 
appears to have no serrate apex. There are two pairs of 
rudimentary feet, both two-branched. ‘The first pair 
has both branches composed of two joints, while the 
second pair has a two-jointed outer branch, and a three- 
jointed inner branch. ‘The furca are very small and 
inconspicuous. No males were found. 
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EXPLANATION OF THE PLATES. 


PuateE I. 


Caligus zer, Norman and T. Scott.— 


Fig. 


3) 


3 


1.—Adult female seen from above. x11. 


2.—Antennule. 
3o.—Antenna. 
4.—Sternal fork. 
5.-—First maxilliped. 
6.—Second maxilliped. 
7.—Fourth foot. 
8.—Abdomen of male. 


Pruate II. 


. 1—Lerneenicus spratte (Sowerby), in situ. 


Natural size. 

2.—Lerneenicus spratte, removed from its host. 
x eae 

3.—Head and anterior portion of thorax of 
Wmsprattc. |< 0. 

4.—Antennule. x 126. 

Antenna. x 80. 

6.—Lerneenicus encrasicoli (Turton), in situ. 
Natural size. 

7.—Dissection showing position of head in the 
host. x 3. 

8.—Head and anterior portion of thorax, from 

above. x 6. 
9.—Head and anterior portion of thorax, from 


lettestde, x 6, 
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PLATE (diy 


Lernanthropus kroyerr, van Beneden. 


Fig. 1.—Adult female, seen from above. x 13-4. 
5, %.—Antennule and secondary process. x 120. 
i Vo. Anvennats) 500. 
= Mamdinles aero, 

5 Oeil, ~s< IGil 

» 6.—First maxilliped. x 90. 

, 7.—Second maxilliped. x 90. 

OE ist couse ano Ue 

7 OL Second 100te <1 OO 

,, LO.—Outer branch of second foot, male. x 90. 

,» 11—Abdomen and furea of female, with 
spermatophores. x 90. 

,, 12.—Adult male seen from above. x 15-4. 

,, 13.—Abdomen and furea of male. x 90. 


Prank Dy: 


Clavella labracis, van Beneden. 


Fig. 1.—-Adult female seen from above. x 40. 
, 2—Antennule. x 390. 
. og. Antenna. sacagl) 
> + Mandible) <sqoie 
We ia Wileeallley. © 3X Tell. 
6.—Maxilliped. x 390. 
 (e—Hirst 100t.) oa.oUU, 
. &.—Second toon.) ae. 
9.—Abdomen and furea. x 390. 


Puate Y. 


Leptocephalus morrisit 


Natural size, and seen from the right side, 
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Scott. 


Cauiegus zE1, Norman and T 
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Fics. 1-5. Lernaenicus spratra (Sowerby). 
Fias. 6-9. Lernaenicus pncrasicont (Turton). 
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NOTES ON THE FOOD OF YOUNG FISHES. 


By ANDREW Scott. 


The tow-nettings taken during the summer months 
frequently contain the post-larval, and later stages of 
various kinds of fishes. In some cases identification is 
tolerably easy. In others, the work of assigning the 
post larval fishes to any particular species, is sometimes 
an impossibility. These tender objects are very easily 
mutilated in capture. In all cases, even when the young 
fishes cannot be identified with certainty, the stomach and 
intestines are now being examined to find out what the 
fish has been feeding on. The internal organs owing to 
the size of the fish, are naturally small, and cannot be 
examined in the ordinary way. The methods adopted in 
this work which give fairly satisfactory results are, (1) 
removing the entire alimentary system with the aid of a 
low power dissecting microscope, then carefully dissecting 
the stomach under a Zeiss A, or Leitz No. 3 objective, a 
cover glass is next put on, and the whole contents care- 
fully gone over; (2) dehydrating, clearing, and mounting 
the stomach, or even the whole fish, in the ordinary way 
for a permanent preparation in Canada balsam. ‘The 
former method has the advantage that little time is taken 
up in the work. ‘The latter one may take a few hours, 
and the results do not always repay the labour involved. 
As a rule, the shorter method is now employed. All the 
young fishes examined were caught by an ordinary open 
tow-net, worked just under the surface of the sea. The 
following are the fishes that have been examined, with 
the locality of capture, size in millimetres, and food 
found. 
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Post-LARVAL CoTtTus. 
Milli- 


Locality. 


1 Near Duddon Bar. 
20.3.06. 


1 off Llanbedrog, 
Cardigan Bay, 
27.4.06. 


PostT-LARVAL GURNARD. 


1 Red Wharf Bay, 
15.6.06. 


PostT-LARVAL WEEVER. 


metres. 


9 


8 


8 


Food. 


3 Temora longicornis. 


1 Oithona similis. 


2 Acartia claust. 


No food in 


alimentary canal. 


Remarks. 

Temora rare and 
Oithona absent in 
plankton. 

Acartia tolerably 
common in tow-net. 


1 off Kilan Head, 5 1 Paracalanus Paracalanus not 
Cardigan, parvus. present in the 

1 -< gS) : plankton, 
12.7.06. 

1 Red Wharf Bay, 12 1 Temora longicorms. Paracalanus only 
7.9.06. 12 Paracalanus present in the 


PostT-LARVAL GADOIDS. 


parvus. 
14 Isias clavipes. 


plankton. 


1 Twenty-one miles 4 2 Ovthona similis. Absent from the 
N.W. of Piel, plankton. 
20.3.06. 

1 Five miles W. of 14 8 Temora longicornis. Temora only present 
Morecambe Bay 1 Anomalocera in the plankton. 
Light-Ship, pattersont. 

7.5.06. 
1 off New Quay 20 3 Centropages Centropages only 


Head, Cardigan, 
25.5.06. 


Post-LARVAL ROCKLING. 


hamatus. 
1 Oithona similis 


present in the 
plankton. 


6 off Dinas Head, 14. No food. --- 
15.6.06. 

2 off New Quay 14 No food. — 
Head, 10.7.06. 

7 off Morecambe Bay 16 No food. — 
Light-Ship, 
21.7.06. 

1 off New Quay 18 10 Acartia claust. Acartia tolerably 
Head, 16.7.06. 2 Temora longicornis. common in the 


plankton, Temora 
absent. 


Locality. 
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Milli- 
metres. Food. Remarks. 
295 8 Larval barnacles No larval barnacles 


1 off Entrance to 
Ribble, 18.7.06. 


1 off New Quay 
Head, 19.7.06. 


1 off Kilan Head, 
22.7.06. 


1 Carnarvon Bay, 
20.7.06 


1 Red Wharf Bay, 
7.8.06. 


1 off New Quay 
Head, 10.7.06. 


1 off Niarbyl, 30.7.06 22 


Post-LARVAL SAND EELS. 


(Cypris stage). 
2 Anomalocera 
pattersonm 


95 1 Larval barnacle 
(Cypris stage). 

1 Anomalocera 
pattersont. 


4 Crab megalopa. 


7 Crab megalopa. 


33 1 Crab megalopa. 


PosT-LARVAL BELONE. 


20 1 Acartia clausi. 
2 Hetinosoma 


norman. 
1 Acartia claus. 


55 from various parts 10-17 No food. 
of the territorial 


area 


1 Tremadoc Bay, 
19.2.06. 


9 Aberporth Bay, . 
16.5.06. 

9 Fishguard Bay, 
24.5.06. 


1 off New Quay 
Head, 15.6.06. 


1 off Puffin Island 
28.6.06. 


Post-LARVAL PLAICE. 


iL ING tOOds 


Post-LARVAL DABS 
11 No food. 


ii NG food, 


PostT-LARVAL SOLES. 


6 No food. 
75 1 Longipedia minor. 


1 Hetinosoma sarsi. 
6 iy 


norman. 


in the plankton, 
Anomalocera 
scarce. 


No larval barnacles 
in the plankton, 
Anomalocera 
scarce. 


Crab megalopa very 
plentiful in the 
plankton. 


Megalopa scarce in 
the plankton. 


Megalopa scarce in 
the plankton. 


Acartia tolerably 
common in the 
plankton. 


Acartia scarce in the 
plankton. 


Littoral 


Copepoda. 
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PostT-LARVAL SPRATS. 


Milli- 
Locality. metres. Food. Remarks, 
1 off New Quay 15 2 Pseudocalanus Pseudocalanus not 
Head, 10.7.06. elongatus. present in the 
plankton. 
1 off Blackpool, 15 1 Pseudocalanus Pseudocalanus not 
18.7.06. elongatus. present in the 
plankton. 
1 off Port Erin, 16 No food. — 
20.7.06. 
Youne Piper Fisu. 
1 Red Wharf Bay, 66 2 Pseudocalanus No Pseudocalanus 
1-9:06 elongatus. in the plankton, 
2 Paracalanus Paracalanus and 
parvus. Acartia tolerably 
6 Acartia claust. common. 


The food, in all the cases where it could be recog- 
nised, consisted of crustacea, chiefly copepoda. The 
group was represented mainly by the pelagic forms. The 
few littoral representatives found indicate that the fishes 
containing them had been feeding near the bottom of 
the sea previous to capture. It evidently does not follow 
that if a particular copepod is any way numerous, the 
fish feeds entirely upon it. In the above results it will 
be noted that there are several instances where the fish 
stomachs contained copepoda not represented in the sur- 
rounding plankton taken in the tow-net along with the 
young fish. The fish, no doubt, in its movements through 
the water encounters various kinds of copepods. It 1s 
not known, however, whether it feeds indiscriminately on 
every one, or selects particularly coloured forms. The 
majority of the copepoda are more or less coloured, and 
so may be quite conspicuous apart from their size. It is 
probable that the difference between the copepods in the 
plankton and those in the fish stomach is due to the 
unequal distribution. The fish may meet with a small 
shoal of Anomalocera, young barnacles, or crab larvae, 
capture a few of them, and pass on. It may then reach 


Pratt VI. 


Contents of the stomach and intestine of a Flounder. Nat. size. 
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Pratt VII. 


Contents of the stomach and intestine of a Plaice. Nat. size. 
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a part of the surface waters where the copepoda are quite 
different from its previous meal, and begin to feed again. 
In this way one would get a selection of copepods which 
might or might not be represented in the area tow-netted. 

The following photographs show the food found in 
the stomachs of two of the marked fishes, when 
re-captured. 

One is a flounder (LL86) caught on Baicliff sands, 
on May 26th, 1906. The food consisted mainly of T'ellina 
balthica, with a few cockles, and two Hydrobia ulve. The 
fish weighed 272 grammes. The clean dried shells 
weighed 11°82 grammes (see Plate VI.). 

The other is a plaice (LL78) caught on Baicliff sands 
on June 2nd, 1906. In this case the food consisted of 
cockles only. ‘The fish weighed 221 grammes, and the 
clean dried shells 11°5 grammes (see Plate VII.). 

Besides those illustrated we have noted the 
following:—LL117, caught on the Barrow sands on 
July 3rd, 1906. The food was mainly Tellina balthica, 
with a few Corophium (an isopod) and the remains of one 
small shore crab. LL896, flounder, caught in the 
Duddon, near Askam, on July 18th, 1906. ‘The food 
consisted of Tellina balthica, and cockles, in equal 
quantity. A lesser sand eel caught in Ulverston 
Channel on May 24th, 1906, had four transforming plaice, 
six Corophium four Mysis, and a large number of 
Gammarus in its stomach. 


Phar, Vi. 
Contents of stomach, etc., of flounder (LL86). Photo- 
sraphed natural size. 
: Puate VII. 
Contents of stomach, ete., of a plaice (LL78). Photo- 
eraphed natural size. 
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ARTIFICIAL FISH-HATCHING IN NORWAY. 


By (I) G. M. Dannevic anv (II) K. Daan. 


The name of Captain G. M. Dannevig has been 
associated with the artificial hatching of cod fry in 
Norway for many years. ‘The utility of the distribution 
of such fry has been recently criticised by Dr. Hjort and 
Mr. K. Dahl. I have asked Captain Dannevig and Mr. 
Dahl to furnish me with brief accounts of recent experi- 
ments and observations, each from his own point of view; 
and I print these below as likely to be of interest to 
readers in this country. 

W. A. HerpMaN. 


I.—Letter from Captain G. M. Dannevig. 
“ To Pror. W. A. Herpman, F.R.S., &c., &e. 


Dear SIR, 

The investigations intended to solve the very much 
disputed question as to the utility of planting artificially- 
hatched cod fry in our fjords are now concluded, and 
from my point of view the results are extremely 
satisfactory. 


The facts are as follows :— 


The Séndeledfjord was investigated in the latter part 
of September in the years 1903, 1904 and 1905, and the 
Hellefjord in the beginning of October in the same years. 
Cod fry were planted in the Séndeledfjord in the spring, 
1904 and 1905, in all about 48 millions; and in the 
Hellefjord in the spring of 1905, about 8 millions. 

The investigations.as well as the planting of the fry 
were controlled by Dr. Hjort’s assistant, Mr. K. Dahl. 
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The Stendalsfjord, to the westward of Lillesand, was 
investigated by me, and on behalf of the Nedenas 
County, in the first part of September, 1904, 1905 and 
1906, and fry were planted in spring 1905 and 1906, in 
all about 16 millions. All investigations have been made 
with the same seine, 22 fathoms long and 4:2 metres deep 
in the middle. In Sondeledfjord 106 hauls, in Hellefjord 
21 and in Stendalsfjord 34 hauls. The hauls were made 
in the same places, almost on the same date in the 
different years, and as uniformly as possible. The 
numbers given are the entire quantities except where 
given as the mean of two years. 


The results are :— 


I.— BEFroreE PLANTING oF FRy. 


Pollack 

Place and Year. Cod. Whiting. and 
Saithe. 
Sondeledfjord, 1903 oe ot ee) ele309 137 
Hellefjord, 1903 + 1904 + 2 ae 85 209 25 
Stendalsfjord, 1904 a .. 404 2) 131 
Motale. .:. oe ee Ble® 1,667 291 

I].—Arter PiantTine oF FRy. 

Pollack 

Place and Year. Cod. Whiting. and 
: Saithe. 
Séndeledfjord, 1904+1905+2... 1,328 - 1,150 160 
Hellefjord, 1905 ace 145 180 ) 
Stendalsfjord, 1905 +1906+ 2, 855 230 IS 
Motal .... oe Boo eas 1,560 360 


All yearlings. Only cod fry planted. Now it is 
incontestable that the cod have increased. ‘I'he question 
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is: What is the cause of the increase? I will, of course, 
answer: The planting of the fry.. But, not so with 
Messrs. Hjort and Dahl. They attribute the increase to 
different sorts of currents, to temperature, salinity, etc., 
and as you will have seen from the report, Mr. Dahl goes 
on through one hundred pages to explain these different 
phenomena and their influence. Well, you will judge 
for yourself. I shall only add that Dr. Hjort is no friend 
of fish hatching, but, of course, you know all about that. 

In “Report on Norwegian Fishery and Marine 
Investigations,” pages 120-137, Dr. Hjort has put forward 
a series of hypotheses regarding the fisheries in our fjords, 
which I was bold enough to dispute, and the investiga- 
tions have shown that I was right on every point. 

1. It is proved that there is a great number of cod 
(yearlings and larger) in the fjords during the whole 
summer. 

2. The eggs and fry don’t float on the surface, but 
in the deeper and salter layers. 

3. The surface current can’t bring the eggs out of 
the fjords, as it only contains very few, as a rule none, of 
them. , 

4. The “local tribes” (page 135) do exist, and the 
proof is, that, according to Dahl, the spawning cod in the 
fjord have a mean length of 33 cm., while in the North 
Sea the spawners, according to Hjort, have a length from 
55 em. and upwards. All this, and much more, is proved 
by Mr. Dahl himself. 

The intention of the Storthing in granting funds for 
the work was to find out whether the number of yearlings 
had increased after planting of fry from I’lédevigen. My 
proposal that the investigations should be carried out in 
September, when the yearling cod was large enough to be 
caught in a common seine, made of netting with small 
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meshes, was adopted by the Storthing as well as by 
Dr. Hjort. This gentleman, however, thought that the 
manner proposed was not detailed enough to give a 
reliable result, and ordered Mr. K. Dahl to undertake a 
series of contemporary investigations regarding the 
currents, &c., in the Fjords. Consequently we have two 
different reports—one from Mr. Dahl concerning his own 
work, of which I know nothing, and one from me relating 
to our joint investigations. 

The results arrived at are contrary to one another. 
Mr. Dahl calculates the currents, and concludes that the 
fry must have been carried out to sea. I have proved that 
the fry are in the Fjords, and Mr. Dahl has handled 
and measured everyone of those caught; but of this he 
says nothing. Mr. Swenander, who has been conducting 
investigations in the Trondhjemsfjord for three years, has 
arrived at conclusions entirely different from those of 
Dahl. 

Dr. Hjort agrees with Mr. Dahl. He admitted, 
however, at the last meeting of the Fiskeriraad, that he 
had greatly altered his views during the last eight years, 
“and that he had found that he then did not know so 
much about fishery matters as he thought he did,” but he 
did not say on what points his opinion was altered. 


Yours truly, 


G. M. DanneEviG.”’ 
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1T.—Investigations concerning the effects of lberating 
artificially hatched Cod Larvae wn the Fiords 
of Southern Norway. 


By Knut Daut. 


At the request of Professor Herdman I intend, in 
the following pages, to give a short account of the 
special investigations undertaken in this country in order 
to understand the conditions under which we are adding 
hatched pelagic cod larvae to Norwegian fiords. A more 
detailed account has been published in Norwegian, and 
will probably appear later in English or German. I 
will here only state a few main results. 

The investigations were carried out in some of the 
small fiords of the Skagerrak, and also on the coast and 
in the “ Skiaergaard” outside the fiords. Captain 
Dannevig and I undertook, upon a plan made by him, a 
series of investigations in the fiords: Sdéndeledfiord, near 
Risér, and Hellefiord, near Krageré (see Chart, fig. 3). 

In these fiords the occurrence of cod fry (of the year) 
in the bottom stage (littoral fry) was investigated by 
means of a large series of hauls with a small seine (101- 
106 hauls in the Séndeledfiord, and 21-27 hauls in the 
Hellefiord). These hauls were made, as far as possible, 
in the same places and in the same manner. ‘Thev were 
first made in September-October, 1903, and repeated in 
July-August, 1904, September-October, 1904, July- 
August, 1905, and September-October, 1905. The seine 
was 22 fathoms long, 4:20 metres deep in the middle. 
The mesh was about 18 meshes per foot (Norw.) on the 
wings of the seine. In the middle part of the seine 

P 


210 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


there was a piece, 74 fathoms long of a mesh of 21 
meshes per foot (Norw.). In July-August a piece of 
“Congres” (strong open) cloth 5°5 metres long and as 
deep as the seine was inserted in the middle. 
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Fig. 3. General map of four fiords examined. 


The fiords in question are deep fiords and the littoral 
fry mainly lve on the relatively small shelves along the 
shore, in the zostera region, where the hauls with the 
seine were made. In 1904 about 33°5 millions of cod 
larvae were brought from the Flédevigen hatchery to the 
interior of Séndeledfiord. In 1905 33 millions of cod 
larvae were brought from the hatchery to the Sdéndeled- 
fiord, and 10 millions to the Hellefiord. The results of the 
hauls made by Mr. Dannevig and me are as follows :— 
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SONDELED FIORD. 


HELLE FIORD. 


Larvae erat 2 Sie | Larvae 
P : Cod fr Pages eces : Cod fr 
cree, | pemhenl | oeeine | vertu 
Sept.-Oct., 1903 None | 4:8 None 1:9 
July-Aug., 1904 33°7 10-9 
33°5 None 
millions 
Sept.-Oct., 1904 | al atcat 6°5 
July-Aug., 1905 11:4 Le) 
33 4 10 
millions millions 
Sept.-Oct., 1905 


It is obvious that the number of cod fry obtained 
per haul varies both in the different years, and also in 
different seasons, independently of hatching operations, 
to such an extent, that no safe conclusions can be drawn 
from the above facts alone. 

Previous experience in this country had shown 
similar facts, and from the beginning of the work, the 
Fishery Board had pointed out the necessity of investi- 
gations concerning the natural spawning of the cod, the 
occurrence of natural larvae, the hydrography of the 
fiords in question, and finally the occurrence of littoral 
fry in the neighbouring fiords where no fry had been 
liberated. By order of the Board I undertook, in the 
years 1904 and 1905, such investigations apart from my 
participation in Mr. Dannevig’s experiments. The 
occurrence of littoral cod fry was examined in the neigh- 
bouring fiords: Sandnesfiord and Stdéletiord (see Chart, 
fig. 3). The seine employed was 38 metres long. Depth 
in the middle 4-5 m., in the points 1:75 m. Mesh, 16 
meshes per foot (Norw.). A piece of net 5 mm. between 
the knots, 10°5 m. long, was inserted in the middle of the 
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seine. The smallest littoral cod fry could always be 
retained by this seine. 

With this seine the Sandnes and the Stole fiords 
were examined in July (respectively 10 and 7 hauls), and 
September-October (respectively 21 and 20 hauls). The 
hauls were first made in 1904 and repeated in 1905. 

In the Kristianiafiord 28 hauls were made in August, 
1904 and 1905. All the hauls were made as far as possible in 
the same places and in the same manner in both years. 

The occurrence of spawning cod was studied by 
collecting statistics from the fishermen. The occurrence 
of pelagic cod eggs and larvae in the fiords and the 
Skagerrak was studied by making fortnightly tow- 
nettings in the following manner. A small motor boat 
dragged a circular net (1 m. diam.) of silk gauze for five 
minutes. The net was buoyed up so as to fish within a 
certain distance of the surface. In this way the net was 
towed 0, 2, 5, 10, 20 metres distance of the surface. The 
distance covered by the boat at each tow-netting was, by 
means of repeated experiments, proved to be about 2950 
metres. The occurrence of post-larval cod was studied 
by means of larger nets dragged for hours, and also by 
hand-nets. 

The hydrographical changes in the Sandnesfiord the 
Séndeledfiord and the Skagerrak were investigated by 
means of taking fortnightly traverses of the waters im 
question. Also direct current measurements were 
occasionally done with the Ekman current meter, and also 
with other apparatus. 

These investigations have given a series of facts, 
which in my opinion justify the conclusion that the 
adding of artificially hatched cod larvae is incapable of 
influencing the natural stock of fry, even in very small and 
limited waters, to a perceptible degree. 
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At the beginning of these investigations I considered 
it important to study the question, whether the natural 
production of fry was great or insignificant in the 
localities in question. To this end I have from Risér 
gathered statistical reports on the quantity of cod caught 
in the Séndeledfiord. 

By comparison of this material with the result of 
marking experiments (proportion of recaptures to number 
of marked fish) the conclusion may safely be drawn, 
that even in a small fiord like the Séndeledfiord tens of 
thousands of cod spawn every year, while the Flodevigen 
hatchery yearly manipulates the roe of about 500 cod 
(males and females) and distributes the hatched larvae 
over the whole of the Skagerrak coast. The number of 
spawning cod on this coast is indeed to be counted in 
millions. 

By making uniform hauls with a tow-net (see above) 
I have endeavoured to study the quantitative occurrence 
of eggs and larvae of the cod. By these tow-nettings it 
was found that the eggs of the cod may occur in such 
numbers in the upper layers of the Sodndeledfiord that 
up to 4,000 cod eggs may be obtained in five minutes’ 
tow-netting. A calculation based upon the supposition 
that the number of eggs gathered by a series of tow- 
nettings in the spring, 1904, down to 10 metres in four 
different stations, represent approximately true values for 
the whole of the inner fiord, gives very large figures. 
Indeed, we get figures so great, that we may safely draw 
the conclusion, that even the interior of the Sdndeledfiord, 
an area not exceeding five square kilometres, may in one 
single day contain more eggs than the Flédevigen 
hatchery produces in the whole season. And _ these 
quantities of eggs, the number of which may be calcu- 
lated at a certain time in a fiord, are, of course, not the 
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whole production. Quantities are hatched previously, 
masses are hatched daily, and new eggs are daily spawned. 
Also they are distributed by the current over areas where 
no spawning takes place. 

The natural spawning and hatching of cod eggs in 
the fiord is also of much longer duration than in the 
hatchery. Even before the fry of the hatchery are ready 
for planting out I have found multitudes of cod larvae 
in the fiords and the Skagerrak, and I have proved that 
cod eggs and recently-hatched cod larvae occur in the 
waters in limited numbers, even months after the opera- 
tions at the Flédevigen hatchery have ceased. 

The natural spawning and hatching of cod eggs is, 
therefore, in the small area, which I have investigated 
round Risor, of far greater dimensions than the produc- 
tion of larvae at F'lodevigen a production which is hmited 
to a shorter space of the season, and which is to be dis- 
tributed over a large stretch of the coast. 

In 1905 a series of hauls was made in order to test 
whether the adding of hatched cod larvae to the Sondeled- 
fiord was capable of influencing the number of occurring 
larvae. <A few days before the first liberation of hatched 
larvae took place, I made 20 hauls of five minutes’ 
duration in four stations. The net fished on each station 
within 0, 2, 5, 10 and 20 metres of the surface. These 
hauls were repeated on three occasions during and after 
the period of liberation of the hatched fry. 

The following tables give the dates, the total catches 
on each occasion, and the dates of the lberation of the 
different portions of larvae :— 
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Seige 20 Hauls Cod | eggs | Cod Size of 
LN © Albee aBe each time eggs last |larvae larvae 
stage 
Date Millions Date 
4/4/05 about 7 28/3—-29/3/05 | 1840 | 64 | 154 3-5 mm 
7/4/05 i OS 12/4-13/4/05 | 2201 | 76 83 3-5-5) mm 
10/4/05 5 29/4—2/5/05 | 2134 | 18 37 375-8 mm 
19/4/05 8 15/5-16/5/05 | 1075 | 22 44 2-10 mm 


It will be observed that the hberation of 33 millions 
of cod larvae produced no effect which could be recognised 
in the numbers caught. The totals from the hauls show 
that eggs were constantly spawned and hatched. But 
the relation between eggs and larvae is never influenced 
in the favour of larvae. For instance, notwithstanding 
that more than 20 millions were liberated between the 
first and second investigations, and that 10 millions were 
liberated even two days previous to the second investiga- 
tion, the number of larvae constantly decreased as did 
the number of eggs in the last stage. . On the fourth 
examination the number of eggs in the last stage as well 
as of larvae, again slightly increased. 

A decrease in the number of larvae is naturally to be 
expected with the advancing season. But this decrease 
and the final slight rise is also explained by a consider- 
ation of the hydrographical changes which took place at 
the time of the investigations. 

It will easily be understood that these small recently- 
hatched cod larvae which are liberated in the fiords are 
freely exposed to the movements of the water. During 
the many weeks (they rarely appear at the bottom before 
June-July) in which they are leading a pelagic life in 


* Larvae from the Flédevigen hatchery, ready for liberation, 
measure (preserved in formalin, same as the captured larvae) from 
3°5 to 4°55 mm. 
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the upper water layers, they will be largely dependent on 
currents. After they have grown larger they also to a 
very great extent take refuge under jellyfish and follow 
their drift. 

No investigator, wishful of forming an unprejudiced 
opinion, can justly ignore the possibility that the eggs and 
young of the cod during this relatively long space of 
time, while they are leading a pelagic life in the waters 
of the sea, may, and under certain circumstances un- 
doubtedly mast, be subject to the movements of the waters 
and dependent on these as to their fate. 

If we should endeavour to propagate the plants of a 
field with seed which floated in the air for a couple of 
months, surely we would have to consider the currents of 
the air. It is thus obvious that an understanding of the 
hydrographical changes in the fiords and their effects on 
the larvae is essential for the solution of the problem. 
The eggs and larvae live, according to my material, 
chiefly in water between 20 and 30 per thousand salinity ; 
such as the relatively fresh surface water, which covers 
the salter water of the Skagerrak and fills the upper layers 
in the Skagerrak fiords. Eggs and larvae are distri- 
buted from about 20 metres and upwards in numbers 
which generally diminish towards the surface, but occur 
in the different depths in about the same relation to each 
other. Thus the larvae do not float lower than the eggs. 

By experiments undertaken by Mr. Dannevig and 
me in the Flédevigen hatchery the recently spawned eggs 
and newly hatched larvae were all found to float at the 
surface of water of a density (7.e., specific gravity 2m setw) 
of 1,021 and in water of less density they floated or sank 
in the same proportion to each other. Direct current 
measurements have shown that this water-layer which 
contains the eggs and larvae moves as well in as out of 


SEA-FISHERIES LABORATORY. PAT 


the fiords. The upper parts of it move as a rule outwards 
with great speed up to 20-30 cm. per second. The lower 
parts of it move inwards with less speed. The depth 
of the outgoing current varies. 

The larvae are found in the outgoing as well as in 
the ingoing current. The fast-flowing surface layers are 
not so rich in larvae as the deeper inflowing layers; but 
then they run much faster, and thus transfer just as 
great masses of larvae as the slow-flowing deeper layers 
that are more apt to “stow up” the larvae or pack them 
more closely together. ‘Tides are in this locality of very 
small account, amounting only to about 10 centimetres. 

Changes may occur in the above-sketched current 
system. <A westerly gale lasting some days will thus 
blow nearly all the surface water away from these fiords, 
and bring the salt bottom water, from 20-30 metres 
depth, right to the surface. After such a gale the salt 
bottom water will again drop down and pull over it a 
strong, deep, ingoing water-layer from the Skagerrak. 
Rises and falls in the deep salt-layers of the Skagerrak 
will produce the same effect. A diagram showing the 
alterations in the water-layers contemporaneous to the 
tow-nettings, which I have mentioned above, will clearly 
illustrate the great changes which took place in the 
Séndeledfiord as well as also in the neighbouring fiord, 
the Sandnesfiord. The water-layer, in which the larvae 
mainly live (the white layer between 20 and 30 per thousand 
salinity), and where the isopykn of 1,021 is drawn, is 
subjected to great changes. The salt bottom water rises, 
sweeps all the water above 20 m. depth out of the fiord, 
then again drops and sucks in new water of low salinity 
from the Skagerrak. 

Exactly the same changes occur in the Skagerrak, 
where contemporaneous observations were made two 
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Sandnoesfjord Séndeledfjord. 
: stele a sto es St S0 stilt stv 
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Fic. 4. Diagram showing hydrographical changes in the Sandnes 
and Sondeled fiords, Spring, 1905. 
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miles from the coast. On April Ist the isopykn of 1,021 
was at a depth of 18 m.; on April 14th, at 8 m.; on May 
drd at the surface and on May 23rd at 8 m. again. 

Along with these great changes of the surface layers 
in the fiords great changes were also observed in the 


Seale for, 33 mill. larva 
> a s Liberated 
pees Kk peat 
3 a Serultim “Med. Wittig Mie. 
v) Ax io mareh april oipril HI Ory 
Yoo re aoe 
(2- - 
29. -------- My -- 
10 - 
eee | 9. 
ie ge: 
3l----- Itt----7+- 
iZ2- --O-- 
a=) fO--=-- 5-- 
8----4--+ 
33 - - --0- ---3-- 
4. --.- 2-- 
Ca 
go24.-0-- 


—— Average vumber of cool fry pr baul 0-20 wa 

w=—-— Satiwity Yee St+.0 eon. 

ese eecee Depth of Lsopyky (o2zt Under surface. 
Fia 9. 


number of cod larvae, as mentioned above, and also in 
the number of other fish larvae. The above diagram 
shows the relation between the rise and fall of salinity, 
the isopykn of 1,021 and the average number of cod larvae 
per haul in the Sondeledfiord on the four occasions 
mentioned on page 215. (See Fig. 5.) | 
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In this diagram the four vertical lines denote the 
four dates of the investigation. The unbroken curve 
denotes the average number of cod larvae per 5-min. 
tow-nettings at 1 m. depth and 250 metres length, caleu- 
lated by integration of the figures gained by the 20 tow- 
nettings, which were made on each occasion at the four 
stations in the fiord. The broken curve shows the 
alterations in salinity at 20 m. depth in the middle station. 
The dotted curve denotes the distance under the surface, 
where, on the same station, the specific gravity of the 
water n stu* was 1,021, a value the importance of which 
has previously been mentioned. 

If we study this diagram we shall observe that the 
decrease in the number of larvae closely follows the 
upheaval of the salt water and the rise of the isopykn of — 
1,021 towards the surface, expelling the “fry water” of 
lower salinity. When the salinity again was lowered 
and the isopykn of 1,021 again subsided the number of 
larvae rose. 

Similar phenomena were observed also in the 
Sandnesfiord, and the circulation in this fiord being 
quicker, the alterations in the numbers of fry T were here 
still greater. Also a study of the occurrence of the 
Pleuronectid larvae shows exactly the same _ great 
decrease in their number parallel to the expulsion of the 
upper water-layer in which they lived. 

These facts seem to me to indicate an intimate con- 
nection between the movements of the water and the 
movements of the eggs, larvae and fry. There is evidently 
a more or less constant circulation of pelagic fry con- 
nected with the circulation of the waters. The pelagic 
fry evidently drift in and out according to the changing 


* The weight of the water in grams per c.cm. 
+ Also the number of eggs decreased more rapidly in this fiord. 
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movements of the water-masses. The pelagic cod fry may, 
therefore, not be considered as belonging to a certain small 
fiord or locality. It forms a moving and changing part 
of the stock of fry belonging to a far greater area of 
water. 

As the movements of the water masses differ in 
different years, they would be expected to produce annual 
variations in the occurrence of the fry. This has, indeed, 
proved to be the case. In May, 1904, there was a very 
weak Baltic current and plenty of western water in the 
Skagerrak.* All the summer there were large masses of 
drifting fry to be seen in the sea and especially in the 
beginning of June they were very numerous. I could 
nearly everywhere note their presence, by direct observa- 
tion, under the drifting jellyfish, and easily catch them 
with a small hand net. I could anchor my boat in the 
open Skagerrak off Risdr, and observe the pelagic young 
of cod, haddock, and whiting in great masses drift past 
under the jelly-fish with a speed of 3-4 knots. The sea 
was quite full of jelly-fish and under nearly every one of 
them swam one or several young fish, which easily were 
eaught for examination. By towing my small tow-net 
(1 m. diam.) for five minutes, I could catch up to 39 cod, 
haddock, and whiting of 2 to 3 em. length. The “ Michael 
Sars’ found these young fish distributed in the upper 
layers over the whole of the deeper Skagerrak, and there 
ean be no doubt as to these young having drifted out 
from shallow water, because no cod spawn in the deep 
Skagerrak. 

In 1905 things were entirely different. This year 
there was a strong Baltic current.t During the early 


*See Bulletin of International Council for the Study of the Sea. 
+ See Bulletin of the International Council for the Study of the Sea, 
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summer no young fish were, with a few exceptions, 
observed by me under the jelly-fish. Hauls of very great 
duration had to be made to prove their presence even in 
scanty numbers. In late summer their number seemed 
to increase under the jelly-fish, and in autumn the young 
of the whiting were for the first time to be seen in great 
numbers under the jelly-fish. 

The investigations with seines, undertaken by Mr. 
Dannevig and me in common, as well as by me alone, 
also shewed a marked difference in the number of littoral 
fry obtainable in the two years. In 1904 I ascertained 
that the young cod 3-4 cm. long, as early as in the last 
days of May, occurred in the Zostera along the shores of 
the Sodndeledfiord, the coast outside and in the Sandnes- 
fiord. Their numbers constantly imecreased and they 
were to be found everywhere along the coast, even in the 
Christianiafiord, in great numbers. 

In 1905 things were quite different. The facts are 
clearly shown by the following diagram (fig. 6), giving 
the average number of cod fry obtained per haul in the 
different fiords examined in July-August in the two years. 

It is easily seen that the summer 1904 everywhere 
is characterised by a relative abundance of fry. The 
greatest abundance occurred in the open fiords Sandnes- 
fiord and Stélefiord, which both have a lively circulation 
of water. Even in the Kristianiafiord, which by previous 
investigations (1898-99) was found to have a very poor 
stock of fry during summer was now relatively rich. 

The summer of 1905 was characterised by great 
poverty.* In the Kristianiafiord the poverty was, for 
example, just as prominent as Hjort found by his investi- 


gations in 1898 and 1899. The Hellefiord, where 10 


* The temperatures and salinities were in both years practically the 
same in the fiords investigated. 


SEA-FISHERIES LABORATORY. 223 


millions of larvae were liberated in spring, was 
very poor. The Séndeledfiord where 383 millions 
were liberated was a little richer. But the inner 
part of the fiord, where the majority of the fry was 
berated was exceedingly poor. The greater part of the 
fry caught in this fiord belongs to the section of the fiord 
nearest to the coast and the ‘‘ Skiaergaard.”’ This part 
was examined a couple of weeks later than the inner part 
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Fic. 6. Diagram showing the average number of cod fry obtained per 
haul with fine-meshed seines in the fiords examined, July-August. 


of the fiord and about three weeks later than the Sandnes 
and Stole fiords. It can be proved that the number of 
fry increased during this time, because also the Sandnes- 
fiord early in September was much richer in fry than it 
was in July. A similar diagram (fig. 7) showing the 
results for September-October will show this still more 
clearly. 

A comparison with fig. 6 will immediately show 
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that the number of fry had largely increased in the 
Sandnesfiord as well as the Stélefiord.* 

These diagrams indicate the conclusion that when 
there is a scarcity of fry, this scarcity is common to a large 
stretch of coast, and when there is an abundance of fry, this 
abundance may be observed everywhere within a certain large 
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Fig. 7. Diagram showing average number of cod fry obtained per haul 
with fine-meshed seines in fiords examined, Sept.-Oct. 


avea. The addition of artificially hatched cod larvae to a 
locality seems nowhere to influence the relative abundance of 
littoral fry in a recognisable degree. 

These facts, of which I have here briefly drawn the 
main outlines, seem to me to leave little hope as to the 
possibility of carrying out a fish culture, or locally 


*The investigations in Sept.-Oct. in the Séndeledfiord and in the 
Hellefiord were made with a more coarse-meshed seine than mine. 
This seine (Mr. Dannevig’s seine, see page 111) must have let nearly 
all the very small fry (under 6-7 cm.) pass through the meshes, the 
cloth in the middle being then removed. In July-August the seines 
fish about alike. The results from autumn may thus in these two 
fiords not directly be compared to the autumn results in the Sandnes 
and Stéle fiords. Both of these were examined with my seine, which 
could catch all sizes. 
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influencing the number of littoral fry by means of 
liberating artificially hatched cod larvae. 

An exact proof is, of course, impossible to give, as it 
is impossible to follow and recognise the different 
individuals during development. A circumstantial proof 
or a calculation of possibilities is all we are able to 
attain. And our opinion of the matter must be formed 
on such judgment. 

As I have mentioned before, my investigations have 
proved that the fiords themselves produce such quantities 
of cod eggs and larvae that the numbers which we can 
produce from the hatchery at a reasonable price are small 
in proportion to the natural production. The liberated 
larvae are distributed by the current and mixed with the 
stock of fry belonging to far greater areas. In this way 
its importance to the naturally existing fry is still further 
lowered. Our investigations of the occurrence of the 
littoral fry give a clear impression of this. As far as I 
ean see the present proofs all point to the conclusion, 
that the natural laws and causes which determine the 
growth and distribution of the cod fry along the coast 
seem to be so powerful that the influence of the small 
and limited numbers of larvae which we possess the 
power of liberating, cannot be traced. Evidently these 
larvae disappear as an insignificant and unrecognisable 
part of the great mass of fry belonging to a larger area. 
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REPORT ON EXPERIMENTS WITH MARKED 
FISH DURING THE YEAR 1906. 


By Jas. J OHNSTONE. 


The experiments with marked fishes begun in 1904 
were continued during 1906. It was our intention to 
mark 1,000 fishes during this year, but for various reasons 
little more than half that number were dealt with. At 
the beginning of the year it was suggested to me that the 
plaice caught in the course of the ordinary trawling 
experiments carried on by the “John Fell” should be 
marked and lberated—that is, that special cruises for the 
purpose of catching fish for marking experiments should 
not be made, but the routine trawling experiments should 
be utilised for this purpose. This policy was adopted, 
and with one or two exceptions the fish marked and 
liberated were caught on the ordinary trawling stations 
visited as a matter of routine by the “John Fell.” From 
several points of view this method is to be recommended, 
but the general result has been that smaller lots of fish 
were liberated than was desirable. In future it would 
probably be better to concentrate these experiments, and 
spend more time on each, catching and liberating larger 
numbers of fish at fewer stations. Experience of the 
distribution and migration of plaice has convinced me 
that quarterly marking experiments (roughly speaking) 
would probably give the best results. The fish should be 
liberated about the end of October or beginning of 
November, then in February or March, then in June or 
July, and possibly also in September. In this way we 
should make the experiments correspond with the times 
when the fish are changing their habits. 
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Pressure of other work interfered at times with the 
experiments of 1906. It was not always an easy matter 
to obtain sufficient quantities of fish of suitable sizes. 
Then during November and December very rough weather 
was experienced, and some projected experiments had to 
be abandoned. 

As in former years, I am greatly indebted for 
assistance in these experiments. Both Dr. Jenkins and 
Capt. Wignall have given every facility and displayed 
great forbearance during the prosecution of experiments 
which have, no doubt, tended to disturb the usual routine 
of the patrol work of the “John Fell.” As in former 
years, the chief Fishery officers have given indispensable 
assistance in receiving and forwarding marked fishes 
handed them by fishermen. Several members of the 
Sea Fisheries Committee (Messrs. Harley, Dean, 
Houldsworth, Saycell and Garnett) have also given 
invaluable assistance, and several gentlemen (Mr. Robert 
Knox, Douglas; Mr. A. J. Rust, of the Milford Haven 
Committee; Mr. F. B. Rees, Milford Haven; and the 
Customs’ officers of that port—Mr. T. Parker, Glenluce; 
Professor D’Arcy Thompson, Dundee; and Mr. E. W. L. 
Holt, of the Irish Department of Agriculture and 
Technical Instruction), quite unconnected with the 
Lancashire and Western Sea Fisheries Committee, have 
given every assistance. 

During 1906, 683 plaice and other fishes were marked 
and liberated. Of this total number 88 were flounders, 
38 were dabs and 13 were small brills. One large cod was 
also marked and liberated, but was not heard of again. 
No soles were dealt with, as our former experience (and 
that of other investigators) of marking this fish has been 
unfavourable. Flounders give very favourable results, 
and so also do brill. Dabs, on the other hand, do not 
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withstand the marking operations with much success. 
Both dabs and soles have strongly ctenoid scales. 
These are probably used to some extent for purposes of 
locomotion, and the fishes no doubt drag themselves along 
the sea bottom by means of their rough skin, and in so 
doing cause the attached label and button to chafe the 
flesh and cause a bad wound. Soles, and probably dabs, 
are also more susceptible to slight skin abrasions than 
plaice or flounders. 3 

As before, it is no doubt the case that marked fishes 
have been caught and were not reported. I have heard 
of several such cases. Capt. Wright, Chief Fishery 
Officer at Fleetwood, reported the finding of several 
marked fishes, and information as to one reached me from 
a friend in Cairo. In most of these cases identification of 
the number of the label was impossible, so they are not 
included in the lists given in this report. 

The summary table on pages 230 and 231 shews the 
stations of 1906, the numbers of fishes liberated and 
returned and the percentages of recapture. It also 
includes the numbers of marked fish liberated in 1904-5 
which have been returned during the past year. Before 
discussing the experiments of 1906, the latter may be 
considered. 

It will be most convenient for the reader if I present 
the results of the experiments in the form adopted by the 
German investigators, working under the International _ 
Fishery Investigations Scheme. 

“The analyses of size of fish” give the numbers of 
fishes marked and liberated. Sizes were always measured 
to the nearest quarter of an inch. 

For convenience, the headings of the columns in the 
tables giving particulars of the fishes returned are 
numbered as follows : — 
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The symbols (8) denoting method of fishing by which 
the marked fishes were recaptured are:—ST’, steam 
trawler; 1T, Ist class sailing trawler; 2T, 2nd class 
trawler (shrimper or fish trawler); TN, trammel net; 
SN, stake net; GN, gill net; B, baulk; T, “ tees.” 

Sizes are given to the nearest 4th inch. “Time in 
the sea” is given in months (4-weekly periods). 


FurTHER RESULTS OF THE EXPERIMENTS IN 1904-5. 


Thirty-four fishes liberated in the course of the 
experiments of 1904 and 1905 have been recaptured 
during the present year. With the exception of 
experiments 21 and 22, 1905 (October, Luce Bay and 
Formby Channel), these further results obtained do not 
materially modify the percentages of recaptures given in 
the Summary Table published in the last Annual Report.* 
Interesting results with reference to the migrations and 
rate of growth of plaice are yielded by these recaptures, 
but these will be referred to later in this Report. In the 
meantime I give the particulars with regard to the 
recovery of the fishes in question : — 


Experiment 4, 12th November, 1904. 
Station: 14 miles N.W. from Great Ormes Head. 


L104 81 | N. by W. from Ballycottin, | 12/11/06 26 lsa Te 
island, S. coast of Ireland. Z| tae 


This fish has, therefore, been exactly two years 1n the 
sea before it was recaught. 


* Report for 1905 Lancashire Sea Fisheries Laboratory, 1906, pp. 103-150. 
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Experiment 7, 18th November, #o024 
Station: Luce Bay. 
Four fishes are to be added to the former list.* 


1 2 3 4 5 | 6) vaaes 
| | | 

L242 8 | Off Chapelrossen, Luce 7/2/06, — | 123] 44 | GN 
Bay, 5 fathoms. 

L252 84 4 miles W.N.W. from | 28/2/06; — | 10 | 14 | IT 
Whitehaven Pier. 4 

L287 82 Off Largs, Firth of Clyde | 12/11/06) — | 15 | 6} | 2T 

L288 82 Off Stairhaven Harbour, 4/9/06; — | 154) 64 | GN 
Luce Bay. 


Experiment 10, 17th March, sa0ce 
Station: 5 miles W. from Morecambe Bay Lightship 


1 2 3 4 5 6| 7) 8 
L490 82 10-12 miles S.E. from | 14/7/06) — | — ; — | ST 
Maughold Head, 12 
fathoms. | 


Experiment 14, 6th) July; Po@ee 
Station: 2 miles W.S.W. from Liverpool Bar 
Lightship. 


1 2 3 4 5] Gil alee 

L528 10 Caldy Island bearing | 10/7/06 | — | 14| 4] 1T 
N.W., 15 miles distant. 

L541 82 10 miles W.S.W. from | 17/9/06 | — | 144) 52 | ST 
Smalls Light, 57 faths. 


Hxperiment 16, 22tho July, 19a 
Station: Near Bahama Lightship. 


1 2 3 4 5 | G6 lee cies 
L587 9 8 miles S.W. from More- | 7/7/06 | — | 102) 12 | 1T 
cambe Bay Light Ship. | 
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Papecmment 17, Ldth July, 1905, 
Station: Blackpool Closed Ground. 


1 | 2 3 4. Sele Orly |. 8 
L821 7 Morecambe, opposite old | 30/12/05) — | — | — | 2T 
Pier 3 fathoms. 


Pexeperiment 20, 22nd July, 1905. 
Station: 5 miles N.W. by W. from Aberystwyth. 


1 aH. 8 aie i 5) 6 WT, '8 
L848 8? Horse Channel, Fairway, | 26/9/06 | — | 123; 33 | 2T 
10 fathoms. | 


iagerement 21, 13th October, 1905. 
Station: Luce Bay. 
Fish caught in Luce Bay. 
ANALYSIS OF S1zEsS oF FisH LIBERATED. 


Sizes (inches) 8 | 94 | 10 | 104) 103) 102) 11 | 114) 12 | 124) 123) 13 


No. of plaice eee Wile oe I NA eZ 1 Pee al 


ANALYSIS OF S1zES OF F1sH RETURNED. 


1 2 3 4 oy Gn 7) 8 
L860 11} 5 miles W. from Stair- 
haven Harbour, Luce ; 
Bay, 7 fathoms. 31/7/06 | 10 | 14 | 2? | GN 
L868 8 Off Sand Head, Luce Bay | 24/8/05 | 1 |— | —{ GN 
L864 102 5 miles W.S.W. from | 25/6/06 | 10 | 13 | 24 | GN 
Stairhaven Harbour, 
Luce Bay, 6 fathoms. 
L875 124 2 miles W. from Stair- | 23/4/06 | 7 |) 123) 41] GN 
haven Harbour, Luce 
| Bay. 
L865 102 Probably near Maughold | 1/2/06 | 4 | 10?)/ — | ST 
Head, I.0.M. 
L870; 104 17 miles N.W. from Piel | 17/2/06 | 4 | 103} 4 | 1T 
| Gas buoy. 
L876} 12} 8 miles W. by S. from | 17/3/06 | 5 | 134; 4) ST 


Selker Light Ship. 
L871 103 6 miles E. from Bal- | 25/7/06 | 10 | 123) 2 | — 
briggan, Co. Meath, 
Treland. 
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Experiment 21 of 1905 was made while trawling in 
Luce Bay for mature plaice for Piel Hatchery. Twenty 
fishes were liberated, and during the next twelve months 
eight of these were returned. Four of these were 
recaptured in Luce Bay itself, not far from the place of 
original capture. An interesting result from this experi- 
ment is that for the first time we have observed a 
migration from Luce Bay into the Irish Sea. Previously 
the fishes marked in Luce Bay were recaught in their 
original habitat, in the Firth of Clyde, or in the Solway, 
but three (Nos. L865, L870, L876) of the lot here 
considered were recaught in the Northern part of the 
Irish Sea and one (L871) on the East Coast of Ireland, 
which it probably reached after traversing the waters 
Kast of the Isle of Man. 


Experiment 22, 26th October, Sigua 
Station: Entrance to Formby Channel. 
Fish caught in Rock Channel. 


ANALYSIS OF SIZES OF FisH LIBERATED. 


103| 123 


Sizes (inches) (2 eSa\aase 


9{ 93; 93 93 104 
No. of plaice AN te) 1 


L904 104 2 miles N.N.W. from | 26/9/06) 12 | 134) 34 | 2T 
: Liverpool Bar Light 
Ship, 13 fathoms. 


L910 84 Rock Channel e.-cece7-c-2 31/10/05} 1 | — | — |} 2T 

L917 8} N.N.W. from Liverpool | 12/8/06) 10 | 10 | 13 |} 1T 
Bar Light Ship, 17 faths. 

L918 84 Off Newcome Knoll ...... 21/11/05} 1 | —|— | 2T 

L920 9} Horse Channel 222..50-<<: 17/11/05, 1 | — | — | 2T 

L925 Sz 2 miles N. from Formby 2/5/06} 7; 9| £1 2T 
Channel Fairway Buoy. 

L936 84 Rock Chennel, 5 faths....| 19/3/06) 51! 8jl $1 1T 


PARTICULARS OF Fish RETURNED—continued. 
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1 2 3 4 oi Olle | 8 
L941 8 Formby Channel, near 9/8/06} 10 | 94) 14 | 2T 
N.W. Buoy. 
L942 8} 12 miles N. from Liver- 5/8/06, 10 | 10 | 12 | 1T 
pool Bar Light Ship, 
15 fathoms. 
L903 8 Boghole, Ribble ............ 17/4/06} 6| 8 | — | 2T 
L913 8} S. side of Ribble, opposite} 26/4/06) 6 | 83) 4 |SN 
Ansdell Buoy. 
L934 8 Bog Hole, near Birkdale 1/5/06} 7 | 83 3 | 2T 
Gas Buoy. 
L935 8t Jumbo Buoy, Southport 4/3/06} 5 | 84) — | 2T 
L938 72 Off Jumbo Buoy .......... 27/9/06} 2 | 104) 24 | 2T 
L901 84 Lune, near Glasson Dock| 18/12/05; 2 | 84) — | 2T 
Light. 
L939 84 Roosebeck Scar, More- | 3/12/05) 2) 83) — | SN 
cambe Bay. 
L912 84 Mostyn Deep, Dee ......... 14/12/05) 2) 84 — | 2T 
L908 8 4 miles 8.W. from More- | 11/8/06) 10 | 94) 141 | 1T 
cambe Bay Light Ship. 
L906 82 25 miles N. from Smalls 2/9/06) 11 | 114) 24 | ST 
Light. 


Experiment 22 of 1905 (Chart I.) gives results which 
are fairly consistent with those of other experiments. If 
consideration be paid to the length of time that has 
elapsed between liberation and recapture, I think the 
movements of the plaice indicate winter alongshore and 
Thus all the plaice (7) 


recaptured within the two months after liberation were 


summer offshore migrations. 


found in the shallow waters in the channels and on the 
edges of the banks. Four have travelled towards the 
Cheshire shallow waters, and three towards Ribble and 
Morecambe Bay. Then we have a group of five fishes 
recovered about the fifth and sixth month after liberation 
in the Southport and Mersey Channels. These have 
probably remained there after the initial 
Finally, there is a group of six fishes which 


inshore 
migration. 
have migrated, or are migrating out from the territorial 
zone, and were found after seven to twelve months in 
relatively deep water. 
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Kxperiment 1, Ist Febrwary, 190m 
Station: Between Great Ormes Head and Conway 
Bar Buoy. 
Fish caught in five hauls between Red Wharf Bay 
and N. Constable Buoy. 


ANALYSIS OF Sizes oF Fisu LIBERATED. 


Siva ((NGINES) coaoassoenncecooscees 7d 74| 73) (8°) “Sh Sk) S38 vouiaiae 
INOMO£ plaice ccs seds eee 2 By QL Os) 2a a ee 
INOSob-Galsie..nemncsn sn eeee — 1}; — ees es | 1 t 
Sizey Gches) Saaceeeeee eee eee eee 94; 93) 10 | 103) 103; 11 | 113) 123) 13 
INO or plaice mamnnesteen-ceeeeee Gol Lg Qa. Sipe: |) 2a eee ee 
INGO wo8 absibe. oe Pes medumoaee c —|} l|— 1} — = 


1 2 3 |. 4 5. | 63) simeee 

L712 9% - | 4 miles N.W. from Great | 5/8/06) 6 | 102} 8 IT 
Ormes Head, 14 faths. | 

L716 10} Conway Bay, 5 fathoms... 13/11/06} 10 | 134) 3) 1T 

L721 84 N.W. from Great Orme, | 30/9/06) 8 | 114; 23) 1T 
15 fathoms. 

L733 8 Off Great Ormes Head...| 13/8/06) 7] 8% 3) 1T 

L747 9 2 miles W. from Great 3/5/06} 4} 92) 4 IT 

Dab Orme. 5 fathoms. 

L734 82 N.N.W. from Liverpool | 12/8/06) 7 | 103; 12| 1T 
Bar Light Ship, 17 
fathoms. 

L713 93 1 mile S.W. from Nelson | 21/9/06) 8 | 114; 2 | 2T 
Buoy. 

L728 84 Near Bar Buoy, Ribble...| 20/3/06) 2 | 84) — | 2T 

L702 104 7 miles S.W. from More- | 14/7/06} 6 | 123) 12) 1T 

| __cambe Bay Light Ship. 

L709 93 Holyhead Harbour, 5 19/4/06) 3 | 103; 2/‘Set 
fathoms. net? 

726 | 10 | Off Lianon, Cardigan Bay| 10/7/06; 6 | 103) 4, — 


No decided conclusion can be drawn from the results 
of this experiment. It will be seen from the results, 
which are represented on Chart II., that four of the fishes 
returned have travelled to the North. Six were found in 
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the Red Wharf Bay area, while two have gone to the 
Western District, one being found in Holyhead Outer 
Harbour, and one off Llanon in Cardigan Bay. 


Pepecrment 2, 
Station : 
Fleetwood. 


Fish caught in Rivers Lune and Wyre. 


eee el evosm uma 10) 0)G,. 
Near No. 1 Buoy, Entrance to Wyre, 


ANALYSIS OF SIZES OF FisuH LIBERATED. 


Size (inches) 8 | 82} 84] 82] 9 


93} 93) 10 | 103] 103] 11 | 112 


No. of plaice Sm Onl ere A Doe Wet le 4 We Belen Soles 2 


PaRTICULARS OF FisH RECAUGHT. 


1 2 3 4. 5; 6| 7] 8 
L758 104 Pilhimgs Sands) |e ecsntescne- 28/2/06} 1 | 104) — |Tees 
L763 on ealliniet Sands! +520 ...2.8 20/4/06} 2 | 94) 4|/SN 
L772 82 S. side of Lune, near No.5 | 11/4/06} 2} 9 +} SN 
Buoy. 

L774 84 Below Morecambe, W. | 23/3/06) 1] 9}, 3) 2T 
end Pier. 

L775 81 Lune, near No. 4 Buoy...| 7/4/06) 2 | 84) 4) 2T 

L785 8 Pillimo Sands.) se. acess 26/5/06} 3 | — | —|SN 

L755 11 1 mile N.W. from St. 7/3/06} 1 | 11 | — | 2T 
Anne’s Pier. 

L756 114 16 miles N.N.W. from 1/7/06} 5 | 133) 23) 1T 
Liverpool Bar Light 
Ship. 

L777 84 12 miles N. from Liver- 5/8/06) 6 | 10%; 23) 1T 
pool Bar Light Ship, 
15 fathoms. 

L781 84 10 miles N.N.W. from 1/9/06} 7 | 103; 2) 1T 
Liverpool Bar Light 
Ship, 13 fathoms. 

L783 8 Near Formby beach mark| 28/3/06) 1] 8 21 

L761 94 4 miles S. from Bahama | 7/12/06) 10 | 123} 33) 1T 
Light Ship. 

L766 9 4 miles S. from More- 1/7/06} 5 | 10% 13) 1T 
cambe Bay Light Ship, 
18 fathoms. 

L754 UA Between Barrels and | 18/4/06} 2 | 11|—|ST 
Saltees Light Ships. 

L762 8? North Bay, Co. Wexford, | 28/11/06) 10 | 118} 34) — 
Treland, 34 fathoms. 

L730 8} — 4/12/06) 10 | 10%; 28| ST 

L782 8 —- 4/12/06} 10 | 11 
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Experiment 2 shows again the decided contrast 
between the winter alongshore and the summer offshore 
migrations. The results are shewn on Chart II. by black 
circles. Remembering that the lines connect the 
station of liberation with the points of recapture of the 
fishes, we see that the fishes recaught fall into two well- 
marked groups—(1) a group of eight fishes recaught 
within the first three months after liberation, that is 
before the end of May, and (2) a group of five fishes 
recaptured from five to ten months afterwards. The 
former fishes were all recaught in the shallow waters in 
Morecambe Bay and in the Ribble and Mersey Estuaries 
by stake-nets, “tees”? and second class trawlers; while 
the latter fishes were recaptured in relatively deep and 
distinctively offshore waters by first class vessels. It 
must be pointed out that the straight lines and arrow- 
heads do not in this latter case represent the actual paths 
followed by these fishes. Probably al/ those liberated 
immediately moved into inshore waters, where some were 
caught, and then after a sojourn there of two or three 
months the remnant migrated offshore, where a further 
proportion were recaptured. Two recaptures are not 
shewn in the chart. One of the fishes was found off the 
coast of Wexford, in Ireland, and the other on the 
South Coast of Ireland. This latter fish had in two 
months made a migration of, at the very least, 170 
nautical miles. Two other fishes were caught offshore 
(by steam trawlers) after ten months, but the exact locality 
cannot be traced. 


Experiment 3, 20th Hebruary, 2oGae 


Station: Bahama Bank. 
Fish caught on “shoals” and in “ Hole.”’ 
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ANALYSIS OF SizES oF Fisu LIBERATED. 


| t 
Sizes (inches) ........e...ee000- oy 93] 10 | 102] 103| 103) 11 | 113) 113 


TAYE Sa hy ey esl ese ena a 
Le) a Oa ail) el Sa es 


No. of plaice BE Teiielneisassc0e0 — 
IMO OF HOMINGETSS. ..0cc.cssceseces 1 


PARTICULARS OF FisH RETURNED. 


1 2 3 4. 5| 6| 7] 8 
L894 104 Silverdale Sands ............ 20/5/06 | 3 | — | —|SN 
Flounder 
L896 11 Foxfield, River Duddon...| 19/7/06 | 5 | 113) 3] B 
Flounder 
L880 10 10 to 12 miles 8.E. from | 26/7/06 | 5 | 124) 21) ST 
aa; Maughold Head, 12 
fathoms. 
L882 10 Fish Market, Blackburn...| 3/4/06 | 2 | 10 | — | — 
L883 81 Fish Market, Blackburn...) 5/6/06| 4 | 108; 23) — 
L888 112 8 miles S.W. by W. from | 19/3/06| 1 | 12 1| ST 


Selker Light Ship. 
L891 10 5 miles §.E. from Bahama | 24/2/06| 1 | 10 | — | ST 
Flounder Light Ship. 


Experiment 3 gives no useful results. It will be 
noticed (see Chart II., circles with a horizontal line) that 
two of the flounders originally caught in Manx offshore 
waters were recaptured in the Duddon and in Morecambe 
Bay. The plaice recaptured were all found in offshore 
waters. Two of these latter fishes could not be traced 
with certainty. 


Papemement 4, 2ist February, 1906. 
Station: + mile N.W. from Puffin Island. 
Fish caught on Bahama Bank. 


ANALYSIS OF S1zES oF FisuH LIBERATED. 


Size (inches) ...| 9 | 104) 103) 103| 114; 113) 113) 12 | 122) 133) 15 | 26 
Moronpiice...| 1 | 1) 1 1{/;—] 1 1 Ih al == | = 
Mon ornounders; |; — | — | — | — oe | es 1 1 ie 
Wo: ‘of cod ...... — | — | — | — | — | S— | — — | rs 1 
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PARTICULARS OF Fis RETURNED. 


1 2 3 4 5.) 6.) 0 ae 


L794 113 8 miles §.W. by W. from | 19/3/06} 4 |12]| 4ST 
Selker Light Ship. 
L792 114 4 miles N.E. from Cardy | 27/4/06) 2 | — | — | — 
Rocks, Balbriggan, Ire- 
land. 
L788 114 Off Connah’s Quay, Dee...| 12/7/06} 5 | 114; 4 |TN 
Flounder 


The fishes liberated in this experiment were a few 
which had been kept on board the ‘“ John Fell” while 
making a passage from Isle of Man to Red Wharf Bay. 
They were caught on Bahama Bank and liberated off 
Puffin Island. The number of recaptures is too small to 
enable any conclusion to be made. 


Hxperiment 0, Sth. Match, slo 


Station: 7 miles W.N.W. from Blackpool North 
Pier. 


Fish caught in Rivers Lune and Wyre. 


ANALYSIS OF Si1zEs oF FisH LIBERATED. 


Sizes (inches) ...] 8 | 83} 83) 9 | 93] 94] 93] 10 | 103} 103] 11 | 13 | 134 


No. of plaice ...).3 | 2])5])/2)1]1] 2;/—] 2}/—]—]—]— 
No. of flounders | 1 | —|—/] 2 |—/3 | — | — 1 1 1 2 1 
No.of brill”... — a | Se 2 1 3 1};—/]—|]— 


—— 
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PARTICULARS OF FisH RETURNED. 


16/4/06, 2] 83} — |B 
15/6/06] 3 | 10%} 14/B 
26/5/06] 3 | — | — | SN 
12/6/06) 4 | 103; 1 | — 
16/5/06, 3 | — | — | SN 
18/4/06] 2 | 103] — | 2T 
11/7/06] 5 | 12] 13] 1T 
9/8/06] 6 | 133) 23| 1T 
24/3/06} 6|12| 3 | 1T 
1 9/,06| Gt eet eae 


30/8/06} 6 | 128] 22) 1T 


7/8/06} 6 | ST 


1 2 3 

L956 8# Near W. end Pier, More- 
cambe. 

L966 1 mile below Humphrey 

Flounder Head. 
L975 8 Palhmes Sands ssc. sa. a6 ves 
Flounder 
L979 94 Lune, Cockerham Bank 
Flounder 
L981 10 Sunderland Bank ......... 
Brill 
L962 104 Pinfold Channel, Ribble... 
Brill 

L944 104 8 miles N. from Liverpool 
Bar Light Ship. 

L958 102 Liverpool Bay, 16 faths.... 

Brill 

L968 9 10 miles N.N.W. from 
Liverpool Bar Light 
Ship, 10 fathoms. 

L945 82 Probably near Morecambe 
Bay Light Ship. 

L946 104 S.W. from Morecambe 
Bay Light Ship, 25 
fathoms. 

L960 104 12 to 14 miles S.E. from 

Brill Maughold Head, 12 
~ fathoms. 

L964 82 15 miles W. from Black- 


pool, 21 fathoms. 


Experiment 7, 


30th March, 


25/7/06] 5 | 112| 23] 1T 


LOG: 


Station: Blackpool Closed Ground. 
Fish mostly caught in Luce Bay and kept in Piel 


tanks during winter. 


ANALYSIS OF S1zES oF FisH LIBERATED. 


BAC MINC ORNs cars occs ese. cescsececs 7i| 74 
No. of plaice ....... oe ues oie - 
Eye occ csc ccesesececceccees —)— 
ES Ne GS) i 10} 


MUNG OM PNANC O55 e.. coca cccc ccc oncce cess —| 3 
No. OU OLLIE Seether ie 1 2 | 


R 


| 103] 113] 124 


143] 143] 15 | 153 


1 1 i 1 1 1 
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PARTICULARS OF FisH RETURNED. 


1 2 3 4. 5 |. 6) Hones 
LL47 103 Birkdale:shore *5... -cr-cse- 11/6/06 | 2 | — | — | SN 
LL67 143 14 miles 8.E. from Douglas} 18/4/06; 1 | 15} 4/ST 


Experiments 5 and 7 may be considered together. 
Experiment 5 was made with fish which were caught in 
Morecambe Bay, in the Lune and Wyre Hstuaries. They 
were liberated off Blackpool Closed Ground, a closely 
adjacent area. Experiment 7 was made with a number 
of plaice and dabs which had been kept at Piel Hatchery 
during the previous winter. It is the custom to turn 
these fish out in Barrow Channel at the end of the 
spawning season, and we thought it might be useful to 
mark and liberate some of these fish. Only two out of 
twenty-eight fishes hberated have been returned (see 
Chart III., circles with superposed crosses). Probably 
the cause of this poor result is that the fish were possessed 
of little vitality, and the operation of marking was fatal 
to most of them. 

Experiment 5, however, gives the usual result. Two 
groups of fishes may be distinguished (Chart III, 
circles)—(1) six fishes which travelled into Morecambe 
Bay and the Ribble Estuary, these were all recaptured 
within four months after liberation; and (2) six fishes 
recaptured from offshore waters five to six months after 
liberation. Of the fishes making the inshore migration, 
three were flounders and two brills. Of those making the 
offshore migration, probably at a later date, two were 
large brills and the rest were plaice. 


Experiment 8, 
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LOO 
Station: 4 miles W. by S. from Barrow Iron Works. 
Fish caught on same ground. 


ANALYSIS OF SIZES OF FisH LIBERATED. 


DIEM GING) Meet cise aresieiweiciee see sine see TH 74) 2) 8 | 8h) 83) 9} Of 
LT, Ci! [CENCE paces eaae eae eee a ae Oi See esa lad 1 
BOMOLSMOUMGETS 6. cece cy ceeeeeeesenees —;|; l|—;—) 1 1 1 | — 
MAMMOENG US ecb aeciciceescccgecss ais secs. —}|— 1 }— 1 1 1|— 
“10% (I@CINGS)) Song Raa eee ates eee 94; 93) 10 | 103} 114) 113) 133 
MPO COMI 50.0.0 0cccsecceecnreresescens PTL eee ee 
TO MOMMMGUITACELS! . 22.0... ...ceeces cence eesecees Uy a es a et a 
HOSMOMTE EOS eri co2 soa ons oe gsi seesesecese-ccecs 1;—j;—|]—j|—] — |] — 
ParticuLars OF Fish RETURNED 
1 2 3 4 a 6) 7) 8 
LL76 92 Bardsea Sands, More- | 19/4/06; 1 | 93?) — | SN 
cambe Bay. 
LL78 94 Baycliff Sands. More- 2/6/06} 2 | 103) 14) SN 
cambe Bay. 
LL86 114 Near Baycliff, More- | 25/5/06) 2 | 114) i)/SN 
Flounder cambe Bay. 
LL87 103 In Leven, Morecambe | 13/6/06; 3 | 11 4) SN* 
Flounder Bay. 
LL102 72 Off Haverigg Sea Wall...) 8/9/06} 6 | — | — | Lt 
LL106 74 West Hollow, Mbore- | 23/4/06) 1) 73; i}SN 
cambe Bay. 
LL112 14 Bardsea Sands, More- | 30/5/06} 2] 8 4) SN 
Flounder cambe Bay. 
LL113 4 1 mile above Humphrey | 13/6/06; 3] 94; 1)|B 
Flounder Head, Morecambe Bay. 
LL98 8+ Off Nelson Buoy ......... 13/7/06 | 4] 93) 13) 1T 
LL73 113 4 miles N.E. by E. from | 27/8/06) 6 | 13 | 14/11 
Morecambe Bay Light 
Ship. 
LL1OO 13 9 miles S.W. from More- | 23/7/06, 4 | 10 | 24) 1T 
cambe Bay Light 
Ship. 
LL104 84 15 miles S.E. from Maug- | 23/11/06, 9 | 102} 24) ST 
hold Head, 12 to 15 
fathoms. 


* Salmon Net. + Line. 
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Experiment 9,/)9th” May .0oe 


Station: 3 miles S. from Piel Gas Buoy. 
Fish taken from Piel tanks, originally caught in 
Barrow Channel. 


ANALYSIS OF S1zEs oF Fisu LIBERATED. 


Size (inches) ...| 83| 84| 83) 9 | 93| 94] 93] 10 | 104] 103} 11 | 114) 122 


No. of flounders| 3 | 2 | 7| 4 | 2 8 6 by 5 3 2 1 1 


PARTICULARS OF FisH RETURNED—ALL FLOUNDERS. 


1 2 3 4 5: | +: 6c PaaS 
LL117 9 Barrow Channel ......... 8/06} 3} 9 | —|SN 
LL118 9 14 miles below Hum-| 26/5/06} 1] 93 4|SN 

phrey Head. 
LL123 gi Kirby Pool, Duddon...... 11/6/06; 1} 93; 2£)SN 
LL131 9: Bayclifi Sands .-.........- 14/5/06} 1] 93) £/5SN 
LL135 121 Near Millom Pier, | 18/6/06) 1 | 124) —|B 
Duddon. 
LL142 94 Bayeluti (Sands). nn.cee-eee- 11/5/06) 1 | 93| — | SN 
LL152 84 Foxfield, Duddon ......... 21/5/06} 1] 93} #4)B 
LL154 101 Roxtields WDuddon ts... 4/6/06) 1 | 103) 2 |SN 
LL157 104 Bolton-le-Sands_......... — — | 104; — | SN 


Experiments 8 and 9 may be considered together. 
Experiment 8 was made with plaice, flounders and dabs 
caught off Duddon Bar and liberated in a closely adjacent 
place. Experiment 9 was made with part of the stock of 
spawning flounders kept at Piel Hatchery and liberated 
annually. These fish were mostly caught in Barrow 
Channel. They were marked in the Hatchery and 
liberated near the entrance to Barrow Channel. | 

The results of Experiment 8 (Chart III.) indicate the 
usual two groups of recaptures. Four plaice and four 
flounders travelled inshore towards Morecambe Bay and 
the Duddon, and six were recaptured within the first three 
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months after liberation. On the other hand, five (four: 
plaice and one flounder) were found in offshore waters 
from four to nine months afterwards. 

Kixperiment 9 (Chart III.) indicates an inshore 
migration of flounders in the early summer. Not only 
did all the recaptures of flounders taken out from Piel 
take place in Morecambe Bay and in the Duddon, but 
four flounders caught outside Walney and liberated there 
made the same migration. The small numbers of 
flounders dealt with do not justify any attempt to 
construct the migration paths of this fish, but evidence of 
an inshore movement in the late spring or early summer 
appears to be forthcoming. All the flounders recaptured 
from the last experiment were fish in very fine condition. 
Without exception, all were feeding greedily on 
Lamellibranch molluses (Z'ellina serobicularia, Mactra) 
when recaptured. 


Experiment 6, 6th March, 1906. 


Station: Colwyn Bay. 
Fish caught in Colwyn Bay and in Conway Bay, two 


hauls. 
ANALYSIS OF SIZES OF Fisu LIBERATED. 

LES. MOGI) ea Te) 72) 8 | si) 8s) 8s 9 | OF 
0 4 Eni) a Ve la ea ea: lt Un PR ell 1 
TICE OEMOUMILOCES, ...0cccccescccsececsecs — | — | = a eA ee 
EOE MOGS iy oe cocssccscecceneicssesenes a a 2 2 4. 2 2 
co (ines) oe 91| 93] 10 | 103] 103] 103] 11 | 114 
POPUCREEPUEC EN Seige eco ccsescecnucesacesees — L1};—|— el os 
TUCRCGIGMIIGCLOUS, ..0..00.0scccccesceceees es em, Se oe Sy el 
TOES eines ci sce vcvdessceececdeas ele 1 Ih eee 1 1 1 
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PARTICULARS OF FisuH RETURNED. 


LL20 72 
LL29 74 
LL22 72 
LL5 9 

Dab 
LLI1 82 

Dab 
LL37 74 
LL44 104 

Flounder 

LL19 84 
LL32 Si 


7 miles N.W. from Great 
Orme. 


Off Great Ormes Head.. 


Near Cordy Buoy, Dee... 


Horse Channel, 10 faths. 


Rock Channel, 3 faths.... 

Wallasey shore ............ 

Opposite Lytham, S. 
side Ribble. 

Off old Pier, Morecambe 

South Bay, Wexferd, 
Treland. 


5/11/06} 9 | 83} 1] 17 
9/12/06] 10 | 83] 1] 17 
29/3/06, 1 |) eae 
13/8/06] 6 | 9 | == \tR 
11/8/06 6| 9| 4] 2T 
26/4/06] 2] 78| 3/SN 
19/4/06] 2 | 101] — |B 
26/11/06} 9| 93} 3] OT 
16/5/06, 2] 83] 4] 2T 


This experiment did not yield very notable results. 


None of the 


dabs 


or flounders liberated have been 


recovered so far, and the movements of the plaice which 


were recaught do not show any uniformity. 


Hxperiment 10; 


Station: Off Nelson Buoy. 
Fish caught off Nelson Buoy. 


Il2th Jane. 


1.3 OGe 


ANALYSIS OF SIzEs oF E'IsH LIBERATED. 


93} 10 | 103| 114] 113 


Sia] ENE ee ] 1 


LL166 


LL173 


LL176 


LL181 


LL195 


LL199 


LL202 
LL203 


CO co © 
Bcobo|=tole 


No) 


Birkdale shore ".....2...... 

1 mile N.W. from Nelson 
Buoy, 9 fathoms. 

1 mile 8.W. from Nelson 
Buoy. 

2 miles 8.W. from Nelson 
Buoy. 

Roosebeck, Morecambe 
Bay. 

12 miles N. from Liver- 
pool Bar Light Ship, 
14 fathoms. 

Liverpool Bay, 14 faths. 

Liverpool Bay, 17 faths. 

2 miles N.W. from Liver- 
pool Bar Light Ship, 
15 fathoms. 

6 miles N.N.W. from 
Liverpool Bar Light 
Ship, 3 fathoms. 

““Meols Bay,” 14 faths. 

12 miles N. from Liver- 
pool Bar Light Ship, 
14 fathoms. 

20 miles N.W. from 
Liverpool Bar Light 
Ship, 19 fathoms. 

10 miles N.N.E. from 
Morecambe Bay Light 
Ship. 

6 miles 8.S.W. from 
Morecambe Bay Light 
Ship. 

10 miles S.W. from 
Morecambe Bay Light 
Ship. 

7 miles S.W. from 
Morecambe Bay Light 


Ship. 

6 miles N.E. from 
Morecambe Bay Light 
Ship. 


7 miles S.W. from 
Morecambe Bay Light 
Ship. 

“Morecambe Bay,” 20 
fathoms. 

12 miles §.S.E. from 
Maughold Head, 12 
fathoms. 
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12/6/06 
3/9/06 


20/9/06 
12/9/06 
23/10/06 
15/7/06 


20/7/06 
26/7/06 
2/8/06 


8/11/06 


13/7/06 
16/7/06 


30/7/06 


11/8/06 


30/6/06 


26/10/06 


2/8/06 


11/8/06 


14/7/06 


25/7/06 
29/11/06 


PARTICULARS OF FisH RETURNED. 


bo be 


14 


_— 
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Kxperiment 15, 
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9 th. od, layers 


1 S0%Gr 


Station: 5 miles N. from Liverpool Bar Lightship. 
Fish caught near Nelson Buoy. 


ANALYSIS OF SiIzES oF Fisu LIBERATED. 


7 miles (?) E. from Nelson 
Buoy, 7 fathoms. 

Off Nelson Buoy, 9 faths. 

Off Nelson Buoy, 13 
fathoms. 

13 miles 8.W. from 
Nelson Buoy, 94 faths. 

N.N.W. from Liverpool 
Bar Light Ship, 17 
fathoms. 

Pillar Buoy, Horse 
Channel, 9 fathoms. 
Liverpool Bay, 14 faths. 
16 miles N.N.W. from 
Liverpool Bar Light 

Ship, 17 fathoms. 

12 miles 8.S.W. from 
Morecambe Bay Light 
Ship. 

5 miles N.E. from Liver- 
pool N.W. Light Ship, 
15 fathoms. 


29/7/06 


11/9/06 
28/9/06 


13/9/06 
14/8/06 
3/8/06 
24/7/06 
28/10/06 


5/11/06 


8/9/06 


Both Experiments 10 and 15 have given good results, 


the former shewing 50 per cent. and the latter 20 per 


cent. of recaptures. 


They may conveniently be considered 


together, as the fish were caught on the same ground ; 


the stations of liberation are close together, and there was 


only a month between dates of the two experiments. 
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Bearing in mind that the fishes were liberated at about 
the time of midsummer, we should expect to find, if the 
results of the experiments already discussed hold good, 
that an offshore migration would be exhibited. A glance 
at Chart IV., where the positions of recaptures are 
roughly plotted, will shew that these experiments do, 
indeed, confirm the results already obtained. Most of the 
fishes returned were recaptured during the three months 
following liberation, that is during the time when we 
should expect to find the offshore migration in progress. 
It will be seen that there is practically no alongshore or 
inshore migration. Only three fishes have entered the 
territorial waters. No. LL171, from Experiment 10, 
immediately on being liberated hurried off inshore, and 
was caught on the same day in a stake net on Birkdale 
shore. No. LL270, from Experiment 15, also travelled 
inshore, and was recaught at the entrance to Horse 
Channel by a second-class trawler. Finally No. LL178, 
from Experiment 10, went inshore, and was caught off 
Roosebeck by a second-class trawler. But, with these 
exceptions, there is a well-marked offshore migration to 
be observed, the majority of the fishes returned being 
recaught to the West of the place of liberation, Nelson 
Buoy. Only one, No. LL205, went far afield, and was 
recaught by a Douglas steam trawler S.S.E. from 
Maughold Head. So far as has yet been observed, none 
of these fishes has made the lengthy migrations of which 
several instances have been noticed. 


feereriment il, ldsth June, 1906. 


Station: Off Pwllheli beach, Tremadoc Bay. 
Fish caught off Pwllheli beach and off St. Tudwall 
Islands. 
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ANALYSIS OF SIZES oF FisH LIBERATED. 


SIZESA(in CHES) P...cachameceeee vases soar eee eee 74| 72; 8 | 8h) 84] 82 9 
INo sof plaice versie is ee eee AP aa i By oS 7 4) 4 
INoof. dloundersr (c.f icc scateee santo tees — |} — | — | — | — | — | — 


Sizesy(ImeWes) ies nace sae ees eee 91, 93) 10 | 102; 103; 102) 11 
Noi of plaice: ecuesmsresc mao oeaaee 3 3.| 2 1 2 1 1 
Noi ot fomuders; ssi. (eaees-eee ae eee ee 1};—|—}—}]—}— | — 


LL217 Se Gimlet Rock, bearing | 19/7/06} 1) 93} #2 1T 
N.W., distant 7 miles, 
Tremadoc Bay. 

LL214 9? 9 miles off the Bailey | 16/10/06| 5 | 103) 1 | — 
Light Ship, Dublin 
Bay, 16 fathoms. 


Experiment 16, 12th July, Boke 


Station: Off Penkilan. 
Fish caught off Penkilan. 


ANALYSIS OF Sizes oF Fisn LIBERATED. 


Sizes (inches)......... 7 | 7k | 72 | 8 | SE | 8d.) -83°) 9 ORS ose 
INo: of plaice sa... ce. répa|| ll Loch |b 9-4 1-9" 1S 
1 2 3 4 5 | 6.) es 
LL422 92 2 miles 8.W. from Jumbo | 4/10/06} 3 | 103; #2 | 2T 
Buoy, Ribble, 7 faths. 
LL389 8 Red Wharf Bay, 13 faths. | 9/12/06| 6 | 83] 3 | IT 
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Experiments 11 and 16 may be considered together, 
since the times and stations of lberation were much 
the same. Neither experiment has, apparently, been 
successful. Last year (1905) several marked plaice were 
recaught in Tremadoc Bay, and it was thought desirable 
to fish there and mark a number of fish during the last 
summer. Accordingly 91 plaice caught near Pwllheli 
were liberated in June and July, but so far only four of 
these have been returned. One, No. LL217, was recaught 
in almost the same place where liberated, but the other 
three have made rather long journeys. One was caught 
in Dublin Bay about five months afterwards, having 
crossed the deep water of the Irish Channel, and two came 
North into Lancashire waters, one being recaught in 
Red Wharf Bay and the other in the Ribble Estuary. 
These two latter cases and another are the only instances 
noticed so far of plaice coming North from the Welsh 
Bays into Liverpool Bay, though the reverse migratioa 
has been observed many times already. 

This paucity of recaptures is not to be attributed to 
the fact that the amount of fishing in Cardigan Bay has 
been less than usual. Capt. David Pritchard, the Head 
Bailiff at Pwllheli, writes me as follows:—“In my 
opinion, plaice have shifted for a time from the usual 
fishing ground in Tremadoc and Cardigan Bays. Our 
fleet of 15 small trawlers have been fishing at Tremadoc 
Bay and at Kilan Grounds, and only one marked plaice 
has been landed here. It is true that there were only two 
Southport trawlers in our bay last summer (1906), as 
against 22 the year before, but the plaice, turbot 
and brill were very scarce last summer (1906). 
There have been several large trawlers at work in 
Cardigan Bay during the last two months, landing their 
fish at Pwllheli, but a very small quantity of plaice were 
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landed here, and no marked ones. There has been a fair 
percentage of soles, but hardly any plaice to compare with 
former years.” 

I think, then, the cause of the apparent failure of 
these experiments is that a dispersal of the plaice present 
in Tremadoc Bay in June and July has taken place. 


Experiment 12, 14th June, 19s 


Station: 2} miles off Llanrhystyd. 
Fish caught from New Quay to Aberaron. 


ANALYSIS OF SIZES OF FIsH LIBERATED. 


Sizes) (unehes) seseereeenece Td | 74 | 72 | 8 | 8£ | 8h | 82) 9) OF noe 
INO ot iplaice wy esses L | 2°) 3) 4:°) 4S Fy) eae ees 
ING. tobsbrilll’) a kecsenes ee 
INGsof das” eee ee Se ee eS Se re 
Sizes (imehes)!e..2..seecce 93 | 10 | 104; 103) 11 | 114) 113) 112) 123) 122 
ING Of plaice yes. scree Boy 2 PT ae | 2) Oe 
No 4of Sorilll © Pics cSeate eee: —}|—|;—};—}]1 }—)};—]—)2 | 1 
INO: tof tdabs.ncescp eases. —}—}—}—J;—]f—}]—J]—}—] — 
1 2 3 4 5, | 6. | tee 
LL249 11 Off Llanrhystyd ......... 11/9/06; 3 | 114; 4 | 2T 
LL329 81 Between Aberystwyth | 24/7/06; 2] 9| # | 2T 
and Llanon, 4 mile 
from shore. 
LL335 9 Near Dlanon 220.2. aac rn. 29/7/06} 2; 92 | 4] 2T 
LL338 72 Near Tilanon <-gcamnceteser 19/6/06; 1 | 72 | —|1T 


It will be seen that the plaice recovered from this 
experiment were all caught quite near to the place where 
liberated and within the territorial waters. One was 
recaught by the Aberystwyth first class trawler AB71, and 
the others by the Southport second class trawler LL34o. 


SEA-FISHERIES LABORATORY. 2538 


Heaperiment 14, 16th June, 1906. 


Station: Ynys Fach, Cardigan Bay. 
Fish caught off Aberporth Bay. 


ANALYSIS OF S1zES oF FIsu LIBERATED. 


Se (UG eS) | ee Tx | 72 | 8 | 8419 | 9F | 92 | 10) I3 
MGR RDIAICE Foo. ce cinta ceoenn ss 2 aval Ae cli athe re lp lcm a licence! 
2iGe CL CEOS S6c aaa eae eae —/|—;—;—] 1 |—j|—}—] — 


PaRTIcULARS OF FisH RETURNED. 


1 2 3 4. OF |enOv emalanl Ss. 


LL378 84 Newport Bay ............ Wi OG\ Lae Scale tee eT 


tpaperament 13, 16th June, 1906. 


Station: 2 miles H.N.E. from Dinas Head. 
Fish caught off Dinas Head. 


ANALYSIS OF SizEs oF FisuH LIBERATED. 


Sizes (inches) | 8} | 9 | 103) 11 | 113] 12 | 123] 123) 129] 13 | 133] 14 
| 
| 


No. of plaice | 1 ] Lo eo ae ASP Salome roam ocimnle ol 


i) 


PARTICULARS OF FisH RETURNED. 


1 2 3 4 Ss) aS 


i a a a | ee | | |. | 


LL359 12 Off New Quay Head, | 23/10/06) 5 12 | — | 1T 
Cardigan Bay. 
LL350 123 Milford Haven, Close to | 1/11/06} 1 133| 14 | 2T 
Milford Pier. 
LL361 123 9 miles S.W. from South | 18/11/06) 6 | — | — | ST 
Bishop. 


Experiments 13 and 14 were made in the Milford 
Haven Sea Fishery District during a police visit to those 
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waters by the “ John Fell.” It was intended to carry out 
a somewhat extensive fish-marking experiment on this 
cruise, but a report of poaching by a steam trawler (which 
was detected) compelled Capt. Wignall to change our 
proposed plans. 

The recaptures reported shew no unusual features. 
They were mostly made South of the places of liberation. 
Fishing there is, of course, more extensive than to the 
immediate North. 


Experiment 17, 19th) Septem bem 
LOG. : 


Station: Red Wharf Bay. 
Fish caught in Red Wharf Bay. 


ANALYSIS OF SIZES oF Fisu LIBERATED. 


Sizes. (inelies)) us wesaseeaen ees eeeaeases 7 | 7) 8 | 8F} 84] 9 | 94 | 9F 


wale susiele sia SaaeC ee eeteneetee ] 2 1 1 Ossie 1 


SIZES) (INCHES) hye sehen kee eee aie 10 | 104) 103) 102) 11 | 11}) 112) 133 


INO: Ol sDlaICE.n eo senaceo eee ceeto me 8 I 2 ] 2) | 4a 2 


1 2 3 4 5 | 6 stags 
LL439 134 Off Great Ormes Head, | 29/9/06} 1 | 133; — | 2T 
5 fathoms. 
LL451 11 Red Wharf Bay, 12 faths.| 11/12/06} 3 | 114; 4 1T 
1.1454 10 Red Wharf Bay, 12 faths.| 25/11/06) 2 | — | — | iT 
LL460 10 Red Wharf Bay,6-7 faths.| 7/10/06; 1 | 10 | — } IT 
LL467 81 | Red Wharf Bay, 7 faths. | 7/10/06) 1 | 84| — | IT 
LL474 81 | Red Wharf Bay............ 9/10/06} 1 81; — | 1T 
LL476 + 8 Mostyn Deep; Dee. =2.2-- 23/10/06) 1 4} 4) 2T 
LL477 81 4 miles N. from Puffin | 23/10/06; 1 84; 4 1T 
Island. 


SEA-FISHERIES LABORATORY. £55 


It will be seen that quite a number of recaptures were 
made shortly after the date of this experiment. I 
expected that a large proportion of these fishes would be 
recaught, but after the second month none has been 
caught. The cause is probably the wild weather of 
November and December, which has not only affected the 
fishing, but has also probably led to considerable shifting 
of the fishes normally present on the fishing grounds. We 
find that heavy gales have this effect on the shallow water 
fishing grounds on the West Coast of England. 


Meamemmment 18, dsrd October, 1906. 


Station: Luce Bay. 
Fish caught in Luce Bay. 


ANALYSIS OF SizEs oF FIsH LIBERATED. 


S288, (NCES) 65a eee 84 | OF | 114) 1145; 113) 12 | 124 
PM PRCE INCE EMER ons s el dassacdecseceddeasenes 1 1 1 i Li orl ee 
“LEGS; (TOClIVGS)) 65530 CReseeee eee ere 124] 123) 13 | 134) 133] 133) 14 
RECON LANC EMD clctas cals cedewevecscescsesesees By Na let teh ap Oo AL 1 


PARTICULARS OF FisH CauGHtT. 


1 2 3 4 Outen s| mo 


LL506 | 123 Luce Bay, off Chapel- | 11/10/06) 1 123} — | GN 
rossen, 6 fathoms. 


This experiment was made while trawling in Luce 
Bay for spawning plaice for Piel Hatchery. 
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INTENSITY OF FISHING. 


The Summary Table shews that about 19 per cent. of 
the plaice and 19 per cent. of all the fishes lberated 
during the year have been recovered. Of course, several 
of the experiments were made late in the season, and 
many more recaptures will doubtless be made. A 
considerable number of dabs were also marked and 
liberated, and these have given poor results. The 
individual experiments vary greatly in their numerical 
results. Experiment 10, for instance, gives 50 per cent. of 
returns for six months’ fishing only, while Experiment 7 
for nine months’ fishing gives only 9 per cent. of 
recaptures. Many factors influence the numerical result 
of these fish-marking experiments. In Experiment 10 
the fish had not apparently become widely dispersed, and 
were, moreover, liberated at a place which is situated near 
the widely-frequented fishing ground lying between 
Liverpool North-West and Morecambe Bay Lightships. 
Experiment 7 failed probably because the fish marked 
were in poor condition, and had not been able to survive 
the transference from tank to tank and the subsequent 
marking operation. Again, Experiments 11 and 16 were 
apparently unsuccessful because, for some reason or other, 
the fish marked have probably become widely dispersed, 
possibly into areas where there is at present little or no 
plaice fishing being carried on. 

Premising, then, that by “ Intensity of fishing” is 
meant only a very rough approximation to the extent to 
which the plaice population of the West English seaboard 
is being exploited, and that for even an approximate 
estimate of this value much more extensive marking 
experiments than we have made would be required, I 
give the figures in the last column of the Summary as 
representing these approximations. 
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INFLUENCE OF DIFFERENT KiInpDs oF FISHING. 


It was not always possible to obtain information as to 
the method of fishing by means of which the marked 
fishes were recaught. The following lst has been 
compiled from the tables of particulars of fish recaught :—— 


Method of Fishing. No. of Marked Fish 
: Returned. 
Pers eSUIAG CEAWICTS, ......020..2s00ee0eeeeec cece 64 
Pramclassesailime trawlers. .......c0.cccceceeseeseeeeess 37 
AL2E UGS)... ocho Ags oe 23 
Wier MAE CUS EO oon feo nae clas t\ctneseceasccces veces 16 
Re PM EEE conc cccnte pos cotscedededddcesesveleeleota nea Z 
SM ce Scie o0is ss ainls Fans oe x cass voice vns.drsie sins 7 
‘Set nets,” ‘* trammels,” “ tees,” lines, salmon 5 
nets. 8 
Information not given. 


It will be noticed that fishing by means of first class 
trawlers (smacks) apparently predominates in the “ home 
erounds ” of the Irish Sea. The proportions between the 
various methods of fishing by means of which the marked 
fishes have been recaught are almost exactly those 
compiled from the experiments of 1905. 


RaTE oF GROWTH OF PLAICE IN THE IRISH SEA. 


In attempting to deduce the rate of growth of plaice 
from the marking experiments, two series of figures are 
made use of—(1) those indicating the increase in length 
of the marked fish which were set free before the 
beginning of the season during which growth takes place, 
that is April-September. The defect in this series is the 
small number of recaptures during the latter half of the 
year. It has been found during the two last years that 
even if a fairly large number of marked fishes have been 
liberated before the end of March, quite a small proportion 
will be recaught during the autumn and winter. One 

S 
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cause is probably the decrease in the intensity of the 
plaice-fishery during the months of September-December. 
Marked plaice are usually recaught by sailing trawlers, 
and the unfavourable weather usually experienced during 
October to December is prejudicial to the fishery. It will 
be seen from the statistics of plaice landed in the 
Lancashire and Western Fisheries District that there is 
an undoubted falling off in the intensity of the plaice 
fishery during those months. 
fishes are recaught. 

The following table is compiled from the results of 
the experiments of 1905 and 1906 :— 


Consequently, fewer marked 


Rate oF GrowtH or MarkEeD FisHes rrom MontH 


To Montu. 
Month No. of Fishes Average Increase in 
Recaught. Length. 
VAMUALY | Seen ccoskens: 45 0°04 inches (071 cm.) 
IHDEURIV aenccemacecoe 22 004 ., (Gl cn 
Mcrreli taste ectnan 15 OV]. > (Asem) 
PSSOYAL Sacra teenies coslenes 21 0-22 , (Oogenme 
BY ciiecitnisiavstioe we-toisee 27 0°53 (1°34 cm.) 
UNG hor ax' Ses ses rrr oe ee 18 0-92 3» (2:35 ems) 
SULLY Ae acrausienerecescm cee 24 Ley » (4°33 cm.) 
SUID USE rece cuss n 16 1-7 » (4°33 cm.) 
September 13 2°44 .,, (6°12 ems) 
Octoher cds.,Aceses 3 2°4 >» (6 *L2vems) 
INovemlber.:..csss-c5- a 231. .», (On venm 
WEcemibers | j.-hesc.ere — — —— 


The results are represented graphically in Fig. 8. 

It will be seen from the table and chart that the 
growth during January, February and March is 
practically nz. Indeed, the months October, November 
and December are also to be included, since a large 
number of the fishes included in the table for January 
were liberated in the preceding October and November of 
both years, and some were recaught during those months. 


Cents. 


Inches. 


SEA-FISHERIES LABORATORY. 
on SP N) fan) 


‘Oo 


Fig. 8. 


CN = 


Curve of growth of marked plaice. 
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It was only in a very few cases that any increase in 
length was detected in fishes liberated during October- 
December and recaught in January. In April the 
season’s growth begins, and this is most rapid during the 
months June, July and August. It will be seen that the 
increase in length during August was apparently nd. 
That is the average length of the marked fishes returned 
during that month (and which had been in the sea during 
the whole season) was apparently no greater than those 
returned during July. I am quite certain, however, that 
this is only apparent, and that the fishes received in the 
laboratory during August were uniformly under- 
measured. The measurements were made by a laboratory 
assistant during my absence. It is, indeed, not 
usually a simple affair to measure a marked plaice sent by 
post. The fish is often dry, and has to be relaxed by 
immersion in water for some hours. Then a dead plaice 
is always shorter than a living one (probably because of 
the contraction or compression of the inter-vertebral 
discs). This can be corrected by slightly stretching the 
fish, and the contraction usually varies from 0°5 to 1 cm. 
according to the size of the fish. 

It is, however, quite legitimate to “smooth” the 
curve, which then shows what is probably a little less 
than the normal rate of increase in length of plaice from 
month to month throughout the year. In October 
growth practically ceases. Plaice during the months of 
November-January usually have very little food in their 
stomachs, and many are entirely empty during December 
and January. During those months the weight of the 
fish decreases. Altogether the metabolism of the animal 
is greatly lessened. 
| The annual rate of increase in length as shewn by 
the curve is, therefore, about 2} inches. The annual 
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growth has, however, been measured in another way. 


Quite a number of marked plaice have been recovered 


which have experienced a whole season’s growth, regarding 
the growth season as ending at the end of September, and the 
particulars of growth of these are tabulated as follows :— 


PARTICULARS OF FISHES WHICH HAVE UNDERGONE ONE 


orn Morr CoMPLETE SEASONS’ GROWTH. 


Date when 
liberated. 
L104 12/11/04 
hV5s2 12/11/04 
L242 18/11/04 
L252 18/11/04 
L287 18/11/04 
L288 18/11/04 
L294 18/11/04 
L341 13/11/04 
L345 13/11/04 
L444 21/1/05 
L505 17/3/05 
L522 17/3/05 
L528 6/7/05 
L541 6/7/05 
L587 12/7/05 
L713 1/2/06 
L716 1/2/06 
L721 1/2/06 
L760 19/2/06 
L762 19/2/06 
L848 22/7/05 
L904 26/10/05 
Ly38 26/10/05 
LL19 6/3/06 
LL20 6/3/06 
LL29 6/3/06 
LL104 31/3/06 


Date when 


recaught. 


12/11/06 
3/12/05 
7/2/06 
28/2/06 
12/11/06 
4/9/06 
3/10/05 
28/10/05 
3/11/05 
19/10/05 
7/12/05 
16/11/05 
10/7/06 
17/9/06 
7/7/06 
21/9/06 
13/11/06 
30/9/06 
28/11/06 
28/11/06 
26/9/06 
26/9/06 
27/9/06 
26/11/06 
5/11/06 
9/12/06 
23/11/06 


Increase in size (inches). 


(2 seasons’ growth). 


(2 seasons’ growth). 
(nearly 2 seasons’ growth). 


So) GN) CULO OU 


(over 1 season’s growth). 


Oo a Or Or 


SP Orns we H AIS ADTSOONW OSNAITIAW KAO w 
3) 


NK PON WWNWNWNHETRWNWWNWH ADH FB OA 
fom) 
~~ 


Average: 3°01 inches (= 7°6 cms.). 


Several fishes exhibiting a complete season’s growth 


have been received since the above table was compiled. 


The results do not, however, alter the general growth rate 


already deduced. 


Twenty-seven fishes 


are 


represented, 


and this is 
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probably a sufficient number to yield a fair average. In 
calculating this, however, the total increase has been 
divided by 29 instead of 27, since two of the fishes have 
undergone two seasons’ growth. One has slightly over 
one season’s growth, but this may be neglected. The 
average thus obtained is almost exactly three inches. 

This is rather more than the result given by the 
former table, but it must be remembered that the latter 
probably under-estimates the rate of growth. If a larger 
number of marked fishes had been recovered in September- 
November, the growth would no doubt have been greater. 
But it is also probable that the results of the second table 
slightly over-estimate the year’s growth. The fishes 
represented have all been in the sea for over the average 
length of time between marking and recapture. They 
are, therefore, probably more vigorous fish than the 
others, and may have grown more rapidly. Their average 
initial length was also a little more than the others. 

At any rate the difference is not great, and one may 
conclude that in the Irish Sea plaice grow about 
23 inches in the year. This applies to fish which are 
initially of the ordinary smaller marketable sizes, viz., 
8 to 10 inches. 

It should be noted, too, that considerable variation in 
growth rate exists. Thus plaice No. LL19, after a whole 
season’s growth, had increased only ?-inch in length. On 
the other hand plaice No. L152, after a season’s growth, 
had increased in length 54 inches. Both cases are of 
course extremes, and are quite abnormal. 

The otoliths, or earstones, of about half the marked 
plaice recovered have been examined, with the object of 
determining the ages of the fishes. It is well known that 
the calcareous matter in these structures is laid down 
regularly, so that every year after the first, two distinct 
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rings an opaque zone and a translucent zone are added to 
the otolith. By counting the number of opaque rings, it 
it possible to arrange the fishes in the groups O, L., IL., 
III. and IV. according to the number of these zones 
outside the dark nucleus of the otolith. Of the total 
number of marked plaice returned 66 have been examined 
in this way, and may be grouped as follows :— 


O Group (in the first year of life)... iB peal 
ieee, | ;,, second, ,, 
tee «6(Cs|.:«Cthird «4, ,, 
ieee, ( ,, tourth;, ,, 
Wee | «5, ffith ,, ,, 


The numbers examined are, of course, much too 


Se ee Ne 
e 
(ws) 


small to enable a satisfactory estimate of the size of the 
fishes at each year to be made. I give the averages 
calculated for what they are worth :— 


Females in Group II1., average length = 9-3 inches. 
99 BS) IIf., ” 9 = ee om) 
oe) ” IV., ” oy) = 14 ” 


Fisu CauGcut 1N Extra-TERRITORIAL AND INTRA- 
TERRITORIAL WATERS. 


There were almost exactly as many marked fish 
recaught outside as in the territorial waters. Such a 
statement possesses, however, no significance since, if it 
is the case that an offshore migration takes place in the 
summer months and an inshore and alongshore migration 
in the winter months, it obviously follows that the 
numbers of marked fishes caught inside and outside the 
territorial limits depends on the time of year at which 
most of the marked fishes were hberated. If we mean by 
“winter” the months October to March, and by 
“summer” the months April to September, we then 
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find that 613 plaice were liberated in the “ winter” 
months of 1904-5, and 217 were liberated during the 
“summer” months. During the year 1905 about 
72 per cent. of the fishes recovered were recaught within 
territorial waters, and about 28 per cent. were caught 
outside the territorial limits. Thus the result of these 
experiments, in which nearly three times as many fishes 
were liberated during the winter months as during the 
summer, is that nearly three times as many fish were 
caught within the territorial as without. On the other 
hand, in 1905-6, 290 plaice and flounders were liberated 
in the winter months and 354 plaice and flounders in the 
summer months, and we find that in these experiments, 
when the liberations during the two seasons were not far 
from being equal in number, the number of fishes 
recaught outside is very nearly equal to those recaught 
inside the territorial waters. 

With regard to the size of the fishes recaught, these 
have not so far been tabulated so as to bring out any 
relation between depth of water and length of fish. It 
will be better to let these observations accumulate, and 
then make this analysis when quite a large number of 
marked fishes have been recovered. Generally speaking, 
fishes which at the time of marking and lberation were 
the largest have travelled furthest. Large fishes have, 
of course, more vitality, and it is undoubtedly the case 
(with certain well-known exceptions) that the plaice 
caught outside territorial waters are larger on the average 
than those caught inside. But as regards the proportion 
of fishes caught inside as compared with those caught 
outside the technical territorial water limit, the main 
factor is the opposing offshore and inshore migrations, 
which depend more on the seasons than on the mere size 
of the plaice. 
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GENERAL CONCLUSIONS. 


i—Percentagze of fish recovered. 


This, as the Summary Table shews, varies from 
50 per cent. to 4 per cent. in the case of plaice, taking 
each experiment by itself. The causes of the difference 
in the percentage of fishes recorded are (1) the intensity 
of fishing, as for example in the case of Experiment 10, 
where an active fishery was carried on during the summer 
months over the area immediately contiguous to the place 
of liberation; (2) on the method of dispersal of the 
marked fishes, as for instance in Experiments 11 and 16, 
where the marked fishes liberated have probably been 
widely dispersed into areas where little trawl fishing is 
carried on; and (3) on the vitality of the marked fishes, 
as for instance in Experiment 5, where (as in the case of 
Experiment 12 of 1905) plaice were marked which had 
been for many months kept in tanks, and were in poor 
condition. 


2—Influence of methods of fishing. 


First-class sailing trawlers have recaught more 
marked plaice than any other class of vessel or fishing 
method. There is little doubt that in the Lancashire and 
North Welsh Fishing Grounds this method of trawling 
predominates, at least for the “home waters.’’- The 
steam trawlers have caught fewer fishes, but it is well 
known that these vessels go much further afield and do 
not frequent the grounds where the marked fishes may be 
expected to be recaught to the same extent that the 
smacks do. 


3.—Rate of growth. 


The estimates of the rate of growth of marked fishes 
constructed on the results of the experiments of 1906 agree 
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well with those of 1905. Plaice practically do not grow 
at all during the months October to March. At the end 
of the latter month growth begins. During the months 
noted, any apparent increase in size of the plaice returned 
is probably due as much to errors in measurement as to 
actual growth. At the end of March we begin to notice 
an increase in length, and during April, May and June 
the fish steadily increase in length. During July and 
August the growth is most rapid, and during September 
it begins to fall off, and in October the plaice have ceased 
to grow. An estimate of the rate of growth based on the 
study of a curve constructed from these monthly incre- 
ments of growth gives us a value of about 24 inches 
(6°3 centimetres) as the yearly growth rate of the plaice 
in the waters of the Irish Sea East of the Isle of Man and 
adjoining the coasts of Lancashire, Cheshire and North 
Wales. 

But when the increments of growth indicated by the 
fishes which have been recovered after one or more years’ 
sojourn in the sea are tabulated, the average growth rate 
works out at almost exactly 3 inches (7°6 centimetres), A 
sufficient number of fishes have been recaught, after being 
about a year in the sea, to render this estimate a very 
probable one. At the same time it should be noted that 
these are the larger and more vigorous fishes (as is 
indicated by their more lengthy migrations), and that 
they, therefore, grow perhaps more rapidly than the 
others which have remained closer to their original 
habitats. 

The cessation of growth in the colder months of the 
year is not necessarily connected in any way with the 
spawning habits of the fishes. The great majority of the 
marked fishes recaptured were immature fishes, and one 
cannot, therefore, attribute the cessation in growth in the 
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winter to the maturation of the reproductive organs. 
There is undoubtedly a decrease in the metabolism of the 
fish during the cold weather. It does not feed, or does so 
to a very slight extent, during the months of December 
and January, and the weight of a plaice of a certain 
length is always less in the winter than the weight of a 
fish of the same length in the summer. 


4—The migrations. 


It should be noticed that many instances of quite 
exceptional migrations are recorded in the tables. Thus 
fishes liberated off the coast of Lancashire have been 
recaptured off the Hast and South Coasts of Ireland, and 
fishes liberated in the same area have also been recaught 
at the mouth of the Bristol Channel. These lengthy 
migrations would not surprise us if they were made by 
actively growing fishes like the cod or hake, or pelagic 
fishes like the mackerel, but one is accustomed to speak 
of the plaice as a semi-sedentary fish. Leaving aside 
these exceptional migrations, the results of this and last 
year’s experiments shew with some probability that plaice 
in our waters do not move about in the winter to the same 
extent that they do in the summer, and that the winter 
migrations are mostly alongshore ones, with perhaps a 
general trend to the North along the coasts of Cheshire 
and Lancashire. In the summer, on the other hand, the 
migration is an offshore one. There are evidences of a 
tendency to the southward, and in the exceptionally 
lengthy migrations already referred to, it is generally 
this southerly migration that is made. While 
plaice have been observed to travel from the coasts of 
Lancashire and North Wales into Tremadoc and 
Cardigan Bays, the opposite migration has only been 
observed in two instances. 
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It should also be noted that plaice are not of necessity 
restricted to comparatively shallow waters. The opinion 
of most fishermen and others is that outside the 20-fathom 
contour line plaice are hardly to be found, and no doubt 
this is largely true. But the fish does migrate, at least, 
through waters of much greater depth than this, for we 
have found that they may cross the Irish Channel, which 
nowhere has a depth of less than about 50 fathoms, and 
one plaice (L541, Experiment 14, 1905) was actually 
caught by a steam trawler in water of 57 fathoms W.S.W. 
from the Smalls Light. 

Evidence that the marking operation, if carried out 
carefully on a vigorous plaice, has no effects which are 
prejudicial to the normal movements and growth of the 
fish is afforded by several plaice which have been 
recaught after a considerable lapse of time. No. L104 
was taken after exactly two years had elapsed since the 
time of lberation: this fish had grown 74 inches. 
No. L287, too, was recaptured after being almost exactly 
two years in the sea: it had grown 64 inches; and 
No. L288 was also retaken after very nearly the same 
interval, and was 64 inches larger than when marked. 
All these fishes passed through my hands, and their 
condition was that of normal well-nourished fishes, while 
the wound caused by the afixed mark was clean and not 
much larger than when initially made. Then quite a 
number of fishes have been returned after having been in 
the sea for periods of from 9 to 15 months, and with few 
exceptions normal rates of growth were exhibited. 
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EXPLANATION OF THE CHARTS. 


The charts are to be regarded as exhibiting objective 
representations of the migrations of the fishes. Except in 
Chart lit has not been attempted to express synoptically 
these migrations. Probably the accumulation of several 
years’ results will enable this to be done. In the meantime 
it is best to indicate the facts only. 


The lines connecting the stations of liberation with the 
places of recovery do not, of course, necessarily indicate the 
migration paths. 

It was often difficult to be sure of the exact position of 
recapture. Depth of water, for instance, as given on an 
Admiralty chart, often does not agree with the recorded 
position of recapture. It is perhaps nearly always the case 
that there may be an error of from one to several miles in 
the recorded place of recapture, since a fish may be caught 
at any point of a haul (which may be from 2 to 24 miles in 
length). 
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INTERNAL PARASITES AND DISEASED 
CONDITIONS OF FISHES. 


By Jas. JOHNSTONE. 


1. CESTODA. 

2. TREMATODA. 

3. PROTOZOA. 

4. CATARRHAL CONDITIONS IN DAB 


AND SALMON PARR. 


I.—CESTODA. 


Abothrium rugosum (Goeze). 

From Gadus callarias. This is Bothriocephalus 
rugosus (Goeze) Rudolphi = van Beneden’s Abothrium 
gadt. 

About a dozen large cod were dissected last winter, 
and this cestode was invariably found. Sometimes there 
were as many as a dozen large worms in each fish. The 
head of each cestode is implanted in a pyloric caecum, in 
such a manner that it is impossible to extricate it. I 
repeatedly dissected these structures with the greatest 
care, but was never able to find anything resembling a 
typical bothriocephaline scolex and I do not think that 
this structure exists in the mature stages of the worm. A 
portion of the anterior end of the strobila is buried up in 
a caecum and when the walls of the latter are picked 
away bit by bit with dissecting needles all that remains 
is a contorted, horny or waxy-looking, thick filament. 
The walls of the caecum undergo profound change and 
become semi-transparent and waxy, sometimes horny, in 
nature. Sometimes the anterior end of the cestode has 
perforated the lateral wall of the caecum and lies outside 
the latter as a contorted kind of cord. It is possible to 
pick away this investment and then the greatly con- 
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tracted strobila is seen inside, but without any trace of 
segmentation. As one attempts to dissect out the latter 
one finds that it gradually becomes fused with the sur- 
rounding waxy tissue which is probably derived from the 
caecum, and invariably the structure breaks. Von 
Linstow* describes the worm as having a pseudo-scolex 
with two slightly developed sucking grooves and figures 
such a head, from the intestine of Lota vulgaris, as a 
normal structure. Probably in young codling, recently 
infected, a stage of the cestode with such a scolex might 
be found but doubtless with increasing age the changes 
mentioned above occur, and the normal structure of the 
head disappears. | 

The lumen of the gut immediately behind the 
stomach may at times be almost blocked by the strobilae 
of these cestodes. The largest specimen found was 85 cm. 
in total length and about 8 mm. in breadth at its 
widest part. This worm was, however, incomplete. The 
older proglottides contained fully developed oncosphere 
larvae belonging to a later stage than Schauinsland’s 
Fig. 8. (Bronn, Thier-reich, Bd. 4, 1 B, Pl. LVITI, Fig. 8.) 
These larvae have a fully developed mantle. They are 
from 90 to 120 4% in diameter. The undeveloped eggs 
from the less ripe proglottides are much smaller, and are 
about 30 u in diameter. 


Echinobothrium affine, Diesing. 
From Raia clavata, Shoals, 1906. 


A single specimen of a small cestode, preserved from 
the contents of the spiral valve of a large thornback ray, 
appears to belong to this species. The worm, however, 
differs in certain respects from both Hchinobothrium typus 


and /. affine. Fig. 9 represents the scolex, neck and the 
* Arch, f. Naturgesch., 54 Jahrg. 1888, Bd. I. 
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first few proglottides, and Fig.11a part of the neck with 
some typical spines. Measurements from this single 
specimen are ;— 


Fia. 10. Hchinobothriwm affine, Diesing. 
Spines on neck. x 300 dia. 


Fic.9. Hchinobothrium affine, 
Diesing. Head and part of 
strobila. x 44 dia. 


Length of head: 13 mm. 
Breadth of head: 0°36 mm. 


Length of a spine from the neck: 01 mm. 
Breadth of a spine from the neck: 0°05 mm. 
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A notable difference from the descriptions of either 
of the above specimens is the absence of coronal hooks. 
In both Z. typus and E. affine there are two groups of 
long, slightly-curved hooks on the two muscular lobes of 
the scolex. In my specimen no trace of these was seen. 
I think it probable, however, that these spines, or hooks, 
have been lost in detaching the cestode from the walls of 
the intestine. Very distinct indications of a musculature 
which might easily serve for producing movements of 
the coronal spines are visible. 

The neck is long and the spines there are well shown. 
Four longitudinal rows can be seen when the worm is 
slightly flattened out. These spines differ slightly, 
however, from the figures of van Beneden,* or Wagener.t 
The summit of each hook (Fig. 10) is triradiate, these 
transverse pieces being bent or slightly twisted. The 
shaft of the spine itself is very slightly curved. 


Calliobothrium eschrichtii, van Beneden. 
From Mustelus vulgaris, Llandudno Bay, 1906. 


A small male Mustelus examined had numerous 
cestodes on the walls of the spiral valve. Each strobila 
was about 8 mm. to 1 em. in total length and consisted 
of comparatively few (about half-a-dozen) proglottides. 
In addition to these strobilae there were very many 
detached proglottides in the lumen of the large bowel, 
most of which belonged presumably to the cestode referred 
to here. Measurements are :— 

Length of strobila: 8 mm. to 10 mm. 
Length of terminal proglottis: about 3°5 mm. 
Length of first distinct proglottis: 0°6 mm. 
Length of scolex: 1°2 mm. 

Breadth of scolex: 1 mm. 

Greatest length of hooks: 0°08 mm. 


* Mem. sur les Vers Intestinaux, 1858; pl. 19. 
+ See Bronn’s Thier-reich, Bd. 4, 1 B, Taf. x1., figser, 


My 
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The neck is very short. The whole strobila immediately 
breaks up on preservation in formalin. 

Fig. 11s represents the scolex and fig. 11A a pair of 
hooks. I find the size and appearance of the accessory 


: oe 


Fic. 11. Calliobothriwm eschrichtu. A—Hooks, x 575; 
B—Scolex, x 465 dia. 


sucker at the summit of the scolex differs somewhat from 
van Beneden’s figure 3*, but the precise appearance of 
cestode worms when preserved varies so much that the 


* Fauna littorale de Belgique. Vers Cestoides, pl. xix. 
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differences are perhaps to be attributed to the action of 
the preservative. The hooks are large and very notice- 
able. They are not bifurcated, but he in pairs with their 
broad bases in close contact. One is only slightly curved, 
but the other is strongly bent. Delicate focussing shews 
that these structures are hollow. 
Anthobothrium musteli, van Beneden.* 
From Mustelus vulgaris, Llandudno Bay, 1906. 
About six specimens of a cestode which appears to be 
the above species were found in the large intestine of a 
small Mustelus. he characters differ slightly from those 


Fria. 12. Anthobothriawm musteli. Scolex. x 46 dia. 


given by van Beneden, so I add a description and figure. 
The measurements of the worm are :— 


Length of longest strobila (incomplete): 3 mm. 
Diameter of scolex: 1°3 mm. 

Diameter of a bothrium: 1°3 mm. 

Diameter of auxiliary sucker: 0-1 mm. 

Length of a free proglottis: 6 mm. 

Breadth of a free proglottis: 2°5 mm. 


* Vers Cestoides, p. 126, pl. 7. 
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The seolex, which is represented in fig. 12 is large 
and very regular in shape, suggesting a four-petaled 
flower. There is no myzorhynchus. There are four long 
mobile pedicels, each of which carries a shallow cup- 
shaped bothrium—this is never trumpet-shaped. The 
internal margins of the bothria have thickened rims with 
a notch in the middle, but the external margins are very 
thin. On the internal margin of each bothrium is a small 
auxiliary sucker, which is not conspicuous and may easily 
be overlooked. In the centre of each bothrium is an 
irregular rosette-shaped patch, which appears to represent 
a radial arrangement of muscle bands, such as is 
represented in van Beneden’s figure 3, but the precise 
disposition of the muscle bundles shown there does not 
appear in my specimens. Round this is an annular band 
of muscles. 


Tetrarhynchus erinaceus, van Beneden. 


An interesting addition to the intermediate hosts of 
this tapeworm is the Halibut, Hzppoglossus vulgaris. Two 
specimens of pieces of halibut flesh were sent to this 
laboratory from the Board of Agriculture and Fisheries. 
In one case the flesh was abundantly infested with the 
plerocercoid larvae of the cestode, and in the other case a 
similar infection had taken place, but the larvae were 
restricted to the muscles round the vertebral column. 
The cysts containing larvae were unusually large, and 
were usually present in tubular cavities in the muscle 
tisswe. Many larvae were in process of disintegration, 
and in some cases the cyst contained nothing but a mass 
of calcareous granules. Usually plerocercoid larvae of 
I’. erinaceus are adherent to the peritoneum and projecting 
into the body cavity, and the general infection of the 
flesh is apparently a rare condition. 
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2.—TREMATODA. 


Distomum ocreatum, Molin. 
From stomach of Conger vulgaris; top end of “ Hole ” 
(nearly midway between Douglas and Fleetwood). 
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In the caecal part of the stomach of a conger eel 
about five feet long over 100 specimens of this distomid 
were found. The worms while alive were blood-red in 
colour. ‘The size was variable: when dead after killing 
in fresh water they were from 5 mm. to about 2°5 mm. 
in length. The anterior extremity in this state is usually 
bent ventrally towards the ventral sucker. The following 
measurements relate to a specimen which had been killed 
in an expanded condition by slight pressure between two 
glass slides. 

Total length: 8 mm. 

Greatest breadth: 2°25 mm. 

Diameter of oral sucker: 0°88 mm. 
Diameter of ventral sucker: 0°92 mm. 
Diameters of ova: 0:024 x 0:013 mm. 


The species is, doubtless, near /zstomum ocreatum of 
Molin, but the characters of the appendiculate Distomids 
with suckers of nearly equal size do not appear to be 
very well marked, so I add the following description. 

The suckers are very nearly equal in size, the 
ventral being usually only very slightly the larger of the 
two. ‘The mouth is sub-terminal and lying very near to 
the pharynx. There is no distinct oesophagus and the 
intestine passes transversely across the body without any 
distinct fork. In life the rhythmical movement of this 
transverse portion of the intestine is very well marked. 
Successive peristaltic movements pass outwards from the 
junction of intestine and pharynx, towards the lateral 
curves of the former with great regularity, and the food 
contents are throughout the first half of the length of 
each intestinal ramus in a state of constant agitation. 
The intestinal rami do not descend into the appendix—at. 
least not in the specimen figured: in other specimens, 
however, the opposite appeared to be the case. The 
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appendix is, at the greatest, about one-third of the entire 
length of the animal. It is very retractile and easily 
ruptured by undue pressure. 

The characteristic serrations on the margins of the 
body, due to plications of the skin, were not clearly 
seen. 

The main excretory channels are two ducts which 
curve round from the anterior part of the body and meet 
behind the ventral sucker, then pass down the mid 
line of the body to the termination of the appendix as a 
single channel. 

The ovary is situated about half-way between the 
extremities, ventrally and a little to one side, and is nearly 
spherical in shape. Immediately posterior to it are the 
vitellaria. There are two principal lobulated masses. 
In the specimen figured there are three lobes on one side 
and four on the other. At the anterior extremities the 
two vitelline masses are connected together by a short 
bridge of tissue and from this a short duct connects with 
the ovary. The shape of the vitellaria is far from 
being constant, and little value can be placed on the 
extent to which each lateral mass is lobulated. In some 
specimens the sub-division was very much less than in 
the figure. 

Over the middle part of the vitellaria was a rounded 
structure which is apparently the receptaculum seminis. 
Neither in preparations of the entire worm nor in section, 
however, could the exact relations of this structure with 
the vitellaria and oviduct be made out. 

The uterus in some specimens is very voluminous. 
In no case did it descend into the appendix. It is 
aggregated on the side of the body opposite to the ovary 
and vitellaria. The ova are very uniform in shape, and 
the diameters (0025 x 0°015 mm.) agree very well with 
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the figures given by Linton for the distomid identified by 
him as Molin’s J. ocreatum. 

The testes are small, rounded bodies situated one on 
each side of the ventral sucker, and fairly remote from 
the ovary. The vasa efferentia curve round to one side of 
the ventral sucker, and enter the bursa of the cirrus, 
which lies entirely in front of the sucker, but almost in 
contact with the latter. The uterus opens externally 
very near to the male genital aperture, and apparently 
into a common genital cloaca. Round the extremity of 
the bursa and the cirrus is a prostate gland, which, 
however, is not a very prominent structure. The 
armature of the cirrus itself could not satisfactorily be 
made out. 

The above characters are mostly those of Dzastomum 
ocreatum, Molin, and I think these specimens may safely 
be referred to this species. 

Distomum appendiculatum, Rudolphi. 

From stomach of whiting (Gadus merlangus), Shoals, 
March, 1906. 

One specimen of an appendiculate distome was found 
in the stomach of a whiting, along with some other 
specimens of a distomid not yet identified. The species 
is probably D. appendiculatum, but the diagnostic 
characters of the distomids with a retractile appendix are 
rather confused, and it may be worth while to give a 
description of the present form. The measurements 
are ; — 


Length: 5 mm. 
Width: 1 mm. 
Diameter of oral sucker: 0°17 mm. 
Diameter of ventral sucker: 0°4 mm. 
Ova: 0°02 x 0°01 mm. 
Fig. 14 represents the animal with the appendix 
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fully expanded. The skin is almost everywhere smooth, 
and only in one place shows the characteristic plications. 
The ventral sucker is rather more than twice the diameter 
of the oral one, and is situated well forward. There is a 
short pharynx followed by a very short oesophagus. The 
forks of the intestine are straight and cylindrical, and 
extend well down into the appendix. The ovary is 
situated about halfway between the extremities and is 
oval in shape. Immediately behind it are the vitellaria, 
which are two in number, small and nearly globular in 
shape, and in close contact with the ovary. The testes 
lie midway between ovary and ventral sucker. ‘They are 
almost globular in shape and he obliquely across the 
body. Almost in contact with the anterior margin of the 
testis are the seminal vesicle and cirrus pouch. The 

cirrus itself is long, and is surrounded for the greater 
part of its length with a compact prostate gland. It 
opens on the posterior margin of the oral sucker. 
Apparently the female genital aperture is very near to the 
male opening, but it was not visible in the preparation. 
The uterus is long and greatly convoluted in the region 
of the ovary and vitellaria. Like the intestine, it extends 
well down into the appendix. The worm when alive was 
translucent, but possessed no distinct colour. 


Distomum vitellosum, Linton.* 


From Flounders (Pleuronectes flesus), Piel tanks. 
In June, 1906, Mr. A. Scott dissected several mature 
flounders which had been kept in the tanks at Piel 
Hatchery during the whole of the previous winter, and 
found a great number of mature distomids in the 


*Tinton: Bull. U. 8. Fish. Comm., Vol, 10., 1899, p. 290, pl. 37, 


fig. 38 
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intestines of several specimens. The characters of these 
worms agree closely with those of D. vitellosum, a species 
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deseribed by Linton from the American hake (Merluccius 
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belinearts), and I think it probable that the distome 
described here is the above species. 

Measurements made from a specimen killed in fresh 
water and preserved in formalin are : — 

Length: 2 to 2°5 mm. 

Breadth: 0°25 to 0°5 mm. 

Diameter of oral sucker: 0:23 mm. 
Diameter of ventral sucker: 0°42 mm. 
Diameters of ova: 0:08 x 0:04 mm. 

Fig. 15 represents one of these worms seen rather 
from the side, but slightly twisted. The skin is smooth 
and without armature; the body sub-cylindrical, and in 
death with a very noticeable bend towards the anterior 
extremity. The ventral sucker is very prominent, and is 
situated on a kind of protuberance. It is nearly twice the 
diameter of the oral sucker. The pharynx is large, and 
there is a short oesophagus—the intestinal forks run 
straight back to near the posterior extremity. The ovary 
is situated about halfway between the extremities, is 
globular in shape and rather small. Immediately in front 
of it is the uterus, which in most specimens formed a 
compact mass consisting of, apparently, few convolutions 
and containing a comparatively small number of eggs. 
The vitellaria are very conspicuous structures, and in 
many specimens filled the body, almost preventing a 
proper view of the other genital organs. There are 
usually four bands of rounded, irregularly-shaped gland; 
in the figure these bands are seen from the edges, but 
when the worm is rotated through 90° they appear to be 
much more voluminous, the bands then being seen from 
the flat sides. In many specimens the vitelline ducts are 
very conspicuous, they run through the middle of the 
band-like masses of vitellaria, and join to form a trans- 
verse duct which runs across the body. The ovary is 
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situated on the course of this transverse duct, and near to 
it is a small rounded body, which is probably the recepta- 
culum seminis. ‘The ovary itself is a globular structure. 
The testes are two in number, and are situated at about 
the posterior third of the body. The cirrus pouch and 
seminal vesicle lie behind the ventral sucker, and the 
cirrus runs forward to open near the posterior margin of 
the pharynx, about halfway between the ventral and the 
oral suckers. The female genital aperture 1s situated close 
to that of the male organs. 


Distomum mollissimum, Levinsen.* 


From intestine of Belone vulgaris, Foulney Island, 
1906. 3 
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Fig. 16. Distomumn mollisimum. x 50 dia. 


* Oversigt d. k. Danske vidensk. Selskab Forh. No. 1, Tab. 1, 4. 
Kjobenhavn, 1881. 
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Several small distomids were sent me by Mr. A Scott, 
who found them when dissecting a garfish—they certainly 
belong to the above species. The worm is easily 
recognised by the star-shaped vitelline glands. It is 
about 1°5 mm. in length, almost colourless and extremely 
fragile. Even the pressure of the cover glass is sometimes 
enough to rupture the preserved specimen. The figure 
(fig. 16) is constructed from a specimen preserved in 
formalin. Levinsen found his specimens in the intestine 
of Cottus scorpio. Hitherto all Cofti dissected from the 
Irish Sea have failed to provide this distome. 


Distomum, sp. 


From Labrus mixtus, Morecambe Bay, 1906. 

Three small distomids from the intestine of a wrasse 
do not appear to answer to any published descriptions I 
have seen. The specimens were, however, only seen after 
preservation in formalin, and it frequently happens that 
the details of structure necessary for certain diagnosis can 
only be made out in living distomids. Fig. 17 represents 
all that can be seen by staining the specimens to which I 
refer. The measurements of the worm are :— 

Length: 1°2 mm. 

Breadth: 0°56 mm. 

Diameter of oral sucker: 0°11 mm. 
Diameter of ventral sucker: 0°24 mm. 
Diameters of ova: 70u x 50 mu. 

The ventral sucker is thus about twice the diameter 
of the oral one. No details of the oesophagus or intestine 
could be made out. The vitellaria are represented by a 
comparatively small number of rather large, irregularly- 
shaped glands distributed throughout the body. No trace 
of ovary could be made out with certainty, so it is not 
represented in the figure. The testes are two large oval 
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bodies, placed well back near the posterior extremity. 
Neither the ducts of these bodies nor those of the vitellaria 
were seen. ‘The cirrus is long, and apparently unarmed. 
The cirrus pouch and seminal vesicle appear to lie 
entirely in front of the ventral sucker, but it was difficult 
to be sure of this. A characteristic feature of the 


Mics... Distomum, sp. < TO’ dia. 


anatomy of this distomid is the small number of ova. In 
the three specimens, 12, 183 and about 24 were the 
numbers of eggs counted. These are comparatively large, 
are thin shelled and possess no appendages. 

In the characters of the vitellaria, the position of 
the testes and cirrhus and the large size and limited 


988 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


number of the ova, the specimens agree with Dzstomum 
oculatum of Levinsen.* But the so-called eye spots of the 
latter species are not represented in my specimens, and 
the size of the ventral sucker and the presence of a 
distinct armature in Levinsen’s species render it unlikely 
that the specimens here described are PD. vculatum. 
Several specimens from Bazrdiella chrysura described by 
Lintont shew a greater resemblance, but these distomids, 
too, do not appear to have been identified with any known 
species. 


Derogenes varicus, (O. F. Miller). 


From pyloric part of stomach of Whiting (Gadus 
merlangus) “shoals,” off Cumberland coast, April, 1906. 

About half-a-dozen small trematodes were obtained 
from the above host. The worms were dull red in colour 
when alive. The figure (fig. 18) is constructed from 
observations made on the living worm. 

The principal dimensions are :— 

Total length: 2 to 2°5 mm.; 

Greatest breadth: 0°56 mm.; 

Diameter of oral sucker: ‘0°2 to 0°27 mm.; 
Diameter of ventral sucker: 0:4 to 0°43 mm. ; 
Diameters of ova: 0:°055 x 0:03 mm. 

The body is cylindrical, or very slightly flattened. 
The greatest breadth is in the region of the ventral 
sucker, where it is about one-fourth of the total length. 
From this region the body tapers in both directions and 
the posterior end is usually slightly more pointed than 
anteriorly. The skin is quite smooth and possesses no 
spines. 

The ventral sucker is rather variable in diameter, 


* Loc. cit. 


+ Bull. Bureau of Fisheries, Washington, vol. 24, 1904, pl. 23, 
figs. 168, 169. 
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but is generally very nearly twice the size of the oral 
sucker. It is situated rather behind the middle of the 
body, and in the dead worm, usually on an elevated part 
of the latter. The openings of both suckers are very 
nearly circular in outline. 

The pharynx is small and oval in shape. ‘There is 
no distinct oesophagus and no real undivided section of 
the intestine. From the pharynx the intestinal rami 
pass transversely to the margins of the body, and then 
run back as wide voluminous vessels to near the posterior 
extremity. In the worms, after killing in fresh water, 
and subsequent preservation in formalin, the walls of the 
intestine, when seen in optical section, have crenulated 
outlines. 

In the living worms the excretory system is very 
obvious, but disappears entirely after preservation, and 
is only indistinctly seen on staining with carmine. The 
main vessel runs transversely across the body just behind 
the pharynx, then backwards as two very prominent, 
rather wide vessels forming a loop. These unite at 
about the mid transverse line of the ventral sucker, and 
then pass back in the median line of the body to the 
posterior extremity. The excretory pore is situated 
terminally. Often at the summit of a small papilla. 

The vitellaria lie far back, about halfway between 
the posterior margin of the ventral sucker and the 
posterior extremity of the body. They are rather large 
bodies, quite regular in outline, spherical, or slightly 
flattened dorso-ventrally, sometimes oval and elongated 
in the longitudinal axis of the body. | They are made 
up of a great number of small glandules, but the whole 
structure is enclosed in a distinct capsule, a short trans- 
verse duct unites them and from this the vitelline duct 
passes forwards to the ovary. The latter is a rounded 
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structure lying between, and anterior to the vitellaria, 
and smaller than either of the latter glands. In none 
of the specimens could I make out with certainty the 
position and relations of a receptaculum seminis. 

The testes are two in number. ‘They are rather 
small, and not at all conspicuous in either living or 
preserved specimens. The vasa deferentia cannot easily 
be traced; probably they are separate and unite quite 
close to the seminal vesicle, or possibly enter the latter 
independently. The cirrus and its accessory structures 
lie all in front of the ventral sucker. The seminal 
vesicle is small and oval in shape. From it the ductus 
ejaculatorius passes straight forwards in the median line 
as an apparently strongly muscular organ, terminating 
in a prominent genital papilla which is situated imme- 
diately behind the forking of the intestine. Throughout 
all its length, between the seminal vesicle and the genital 
papilla, the ductus ejaculatorius is surrounded by a very 
voluminous prostate gland. 

In none of my specimens could the exact configura- 
tions of the convolutions of the uterus be made out with 
certainty. It is voluminous in most specimens and is 
erowded with ova. ‘These latter are thick-shelled and 
slightly yellow or red in colour. The vagina and cirrus 
both open into a common genital cloaca, situated at the 
summit of the genital papilla. The opening of this 
genital cloaca is in all my specimens A-shaped, or 
erescentic, the apex of the V, or the convexity of the 
erescent being directed forwards. 

Most of these characters would apply equally well 
to Derogenes minor, Looss,* or to D. varicus (O. F. 
Miller).t It is indeed rather difficult to make out 
absolutely diagnostic differences between these two 
species. D. minor was described by Looss from a 
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Labroid fish (Labrus merula) taken in the Bay of Trieste, 
and PD. varicus has various hosts, the latest description 
being that of Odhner, who found the Trematode in a 
dab (Pleuronectes limanda) from the West Coast of 
Sweden. Odhner’s specimens resemble those described 
here in that the vitellaria are rounded and regular in 
outline instead of being slightly mulberry-shaped as in 
Looss’s species. This is the only significant difference 
apparent between the two species. 


III.— PROTOZOA. 


Ichthyophthirius multifiliis, Fouquet. 
Trichodina, sp. 


In June, 1906, Inspector Halsall of the Southport 
Sanitary Department sent some roach which had been 
living in Hesketh Lake, Southport. Some little time 
previously an epidemic had broken out among the fishes 
in this pond. Only the roach were affected, and pike, 
perch and eels living in the same water showed no signs 
of disease. The epidemic produced considerable 
mortality among the roach for about a month, but by 
the end of July it had run its course, and there were then 
thousands of young fishes in the lake, all of which 
appeared to be quite healthy. The fish, when received 
at the laboratory showed no apparent outward signs of 
illness. The skin was bright and clean and without 
traces of fungus. Dissection showed no internal lesions, 
and smears made from the blood and various organs 


* Looss: b. Hinige Distomen der Labriden des Triesten Hafens, 
Centralbl. f. Bakteriologie, Bd. 29, Abth. 1, p. 437, 1901. 


+ Odhner: Die Trematoden des Arktischen Gebietes ; Inaugural 
Dissertation Univ. Upsala; Jena, 1905. 
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shewed that parasites such as myxosporidia were absent. 
The gills were then examined, and these were found to be 
pale and not in a very healthy condition; also small, 
rounded white specks could just be seen with the naked 
eye, and when these were examined in detail they were 
seen to be ciliated infusorians. Fig. 4, pl. VIII, 
represents one of these organisms. ‘They varied greatly 
in size, the largest being about 0°75 mm. in length and 
0°47 in breadth, and the smallest about 0°38 x 0:28 mm. 
Usually they were oval in shape, but some were quite 
round. Their numbers were not considerable; in a small 
piece of gill, from one of the smaller fishes, which was 
stained and mounted whole there were 17 parasites. 
There were 30 double filaments in this piece of gill. 
In some other pieces of gill roughly examined the 
parasites appeared, however, to be more abundant than is 
stated above. They lie in the gill between the filaments 
and compressed by the latter. They were also found on 
the internal walls of the operculum and branchial cavity. 
The parasite 1s completely covered by fine cilia. The 
nucleus is situated towards one end, or near the middle of 
the body, and is large and horse-shoe shaped. It is very 
coarsely granular. ‘The mouth is situated at the opposite 
end and is small and very definite in outline. A fain, 
longitudinal striation may be observed in the body. 
Round the margin, or rather underneath the cilia, is an 
evident cortical layer. Small vacuoles are very numerous 
in some specimens. | 

All these characters are those of Lehthyophthirius 
multifilis, Fouquet, and I have no hesitation in thus 
identifying the creature. It is a skin parasite, which has 
been described as infesting 28 or 30 species of 
fresh-water fishes in the rivers and lakes of Germany, 
France, Holland and the United States of North 
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America.* So far as I know, it has not previously been 
observed in British waters. The parasite is always 
described as inhabiting the skin of the infested fish, 
where it excavates little cavities or galleries or forms 
pustules. These cavities or pustules may contain one or 
a number of individual parasites. A characteristic 
spotted appearance is thus conferred on the skin of 
the fish. Ichthyophthirius reproduces either by fission 
(Stiles), or by the method of encystment. Eventually the 
parasite leaves the host, and after swimming about in the 
water for some time surrounds itself by a cyst wall, when 
it falls to the bottom. The young ciliated individuals 
leaving the cyst then pass through a free-swimming stage 
and reinfect fresh hosts. It is by attacking these free- 
swimming forms that the epidemic in a tank or small pond 
can most easily be fought. It appears to be impossible to 
destroy the parasites while living in the skin of the hosts, 
but if the fishes be taken from the aquarium and common 
salt added to the latter with a copious supply of fresh 
water the free-swimming individuals are easily killed. 
This treatment, practicable though it may be on a small 
scale, is, however, difficult in the case of a very large 
pond or “ lake.” 

It is difficult to say what the specific pathogenic 
action of the parasite may be. In the roach from Hesketh 
Lake there was no general infection of the skin—indeed 
I could not detect the parasite there in any of the 
specimens examined. Even in the gills the numbers were 
few, and it seemed difficult to believe that the mechanical 
destruction of the tissues of the filaments was enough to 
account for the death of the fish. It was, however, 


* There is an account of the parasite, with a summary of the 
literature by C. W. Stiles in Bull. U.S. Fish. Comm., vol. 13, 1893, 
pp. 173-190. See also Hofer. Handbuch der Fischkrankheiten, 
p. 122; Munchen, 1904. 
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impossible to avoid associating the presence of the 
infusorian with the death of the fish, as no other cause 
was apparent which would account for the large mortality 
experienced. It is just possible that the infusorian kills 
the fish by forming a toxine which is absorbed through 
the delicate epithelium of the gills, or at the abraded 
surface of parts of the latter structures. 

Associated with the Jchthyophthirw im some of the 
fishes were infusorians beionging apparently to the genus 
Trichodina. This is the well-known ciliate found on the 
common Hydra. The number of specimens found were, 
however, few, and in such bad condition that the certain 
determination of the species was not possible. 


Lymphocystis johnstonei, Woodcock. 


A small sole was sent to the Laboratory in April last 
by Dr. Masterman, H.M. Inspector at the Board of 
Agriculture and Fisheries. The fish was captured off 
the Hast coast of England by a steam trawler, and sent to 
the officials of the Board in a sample box of various 
fishes. ‘The fish is an immature female about 74 inches 
in total length, and was apparently healthy and in good 
condition. But the greater part of the surface of the 
skin was covered over by very small, white, and spherical 
opaque bodies which were evidently parasites of some 
kind. They were densely scattered over the ocular side 
of the fish particularly on the dorsal and ventral regions 
of the body. On either side of the lateral line the skin 
was very nearly free from them, but, towards the dorsal 
and anal fins they became more densely aggregated 
together. On the fins they were most abundant, par- 
ticularly on the dorsal fin near the head and on the tip 
of the pectoral fin. Here they formed dense clusters 
seated on most of the fin-rays. The skin of the head was 
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densely covered with these structures; the tail also con- 
tained a few; the blind side of the fish also showed a 
certain number, but far less than on the ocular surface— 
probably on account of the attrition caused by the fish 
creeping over the surface of the sand. The little bodies 
in question were quite colourless, but very opaque, and 
easily discernible by the naked eye. They were nearly 
spherical in shape; flattened perhaps in one direction, and 
where they were closely packed together—as in the 
clusters on the fins—their shapes were polygonal. Their 
average diameter was about 0°32 mm. 
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Fig. 19. Skin of Sole infested with Lymphocystis johnstonet. 
x 60 dia. 


The fish had been preserved in formalin and the skin 
and the structures on and in connection with it were well 
preserved, but the body cavity had not been opened and 
the viscera were not in good condition for close examina- 
tion. But, apparently, the peritoneum and mesenteries 
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were quite free from the parasites occurring on the skin. 
The gills were also free and apparently quite healthy. 

Fig. 19 represents a general view of a part of the skin 
which has been stained with carmine and cleared in clove 
oil. The parasitic structures are mostly covered by the 
scales. Hach is covered over by a thin fold of epidermis. 
Usually they are situated beneath the posterior margin 
of the scales under the fold of epidermis which is 
reflected over the latter. Sometimes they are apparently 
quite free from the surface of the skin and can easily be 
detached by the point of a scalpel, but in such cases they 
are attached by a delicate pedicel of epidermic tissue. 
In sections of the skin taken in a transverse plane they 
can be seen lying beneath the tips of the spines of the 
scales, which are then cut transversely. 

In section each of the parasitic bodies is almost 
certainly a unicellular structure. It is surrounded by a 
fairly thick, apparently structureless capsule, which 
stains with difficulty and is, therefore, more easily seen 
in the unstained preparations. Within is the cell body, 
containing near the centre an irregularly-shaped included 
portion surrounded by a differentiated portion of the 
matrix, which may represent a nuclear membrane. Within 
this is what may be called a nucleus. There is a matrix 
of finely granular substance in which are usually two or 
more rounded karyosomes. 

The cell substance outside the nucleus stains rather 
more darkly than that within because of the presence of 
numerous granules. It shows no clearly marked cortical 
zone, but round the periphery are a number of reticular 
structures, very irregular in shape and size, and usually 
surrounding a portion of cell substance which stains more 
hghtly than that in which the reticula are imbedded. 
Hach of these reticula appears to consist of innumerable 
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closely apposed granules, which take chromatic stains 
very easily. Close underneath the capsule, again, are a 
number of smaller, more closely aggregated collections of 
similar granules, usually spherical, or nearly so, in shape, 
and staining less deeply than the reticula just described. 

Most of the structures above described are to be seen 
in the remarkable sporozoan, Lymphocystis johnstonet, 
described by Woodcock,* and it is difficult not to identify 
the two parasitic structures as the same organism. ‘The 
mode of occurrence of the structures—on the skin and 
fins—is the same, and despite the difference in size I 
regard it as probable that in the case just described we 
have to deal with an invasion of Lymphocystis individuals, 
and that the nature of the host and, particularly perhaps, 
the nature of the skin of the sole—where we find strongly 
ctenoid scales, instead of the comparatively soft cycloid 
structures found in the flounder—is the reason of the 
difference in size. The difference in diameter, 0°32 mm. 
and 1 to 1:5 mm. in the sole and flounder respectively, 
may easily be explained by such considerations, and cne 
may, indeed, find many examples of analogous differences 
in size in identical parasitic species living on somewhat 
different hosts. 


IV.—_DERMAL CATARRH IN SALMON AND DAB. 


Two cases of pathological changes in the skin of 
fishes have been observed which do not appear to be 
referable to parasitic invasions of any kind. In 
September, 1904, Mr. R. Okell sent me some salmon parr 
caught in a stream near Douglas which appeared to be 
suffering from some obscure skin disease, obviously not 
due to Saprolegnia. Fish thus infected were quite 


*In An. Rept. Lancashire Sea Fish. Laby. for 1903, pp. 63-72. 
plait: 
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abundant at this time, but about the middle of October 
the epidemic had greatly subsided, though even then 
about 10 per cent. of the salmon parr observed 
seem to be infected. The extent of skin affected in the 
case of specimens caught at this time also appeared to be 
less than formerly was the case. All this time salmon 
parr alone were infected. Brook trout do not appear to 
have suffered. 

Fig.5 (pl. VIII) represents the tail portion of one of 
these fish with a characteristic skin lesion. In all cases 
the naked eye appearance was pretty much the same as 
that figured, though not always so prominent. In the 
less strongly infected fishes the skin.appears to be covered 
in places with a thin, whitish scum, like felted or com- 
pressed cotton wool. This can easily be rubbed away 
and then the skin underneath appears to be quite normal, 
the scales retaining their usual appearance. Here and 
there this growth is, however, much more prominent. . 
For instance, in the case figured there was a raised 
whitish tumour on each side of the body just above the 
anal fin. ‘This growth was raised about 2 mm. above 
the surface of the skin. It had usually a slightly 
crenulated margin and had surface markings indicating 
roughly the position of the scales underneath. In the 
case of some of these larger growths, however, the skin 
underneath the adventitious tissue was disorganised and 
the scales came away easily. 

Microscopic examination showed no traces of a 
mycelium so the presence of a fungus was out of the 
question. Neither were there any traces of Myxosporidia. 
These were specially looked for as the naked eye 
appearance of some of the fish was not unlike the con- 
dition of “ Beulenkrankheit ’’ (Myxoboliasis). Smears 
were made from the blood and from all the visceral organs, 
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and portions of muscle tissue were examined, but no 
trace of myxosporidia could be detected. The gills, too, 
were quite normal. The skin growth was examined 
further for the presence of Infusoria, such as Costia. 
Costia necatrix produces appearances on the skin of 
various fishes not unlike that observed in this case. In 
fact, it was possible to eliminate the possibility that 
sporozoan or infusorian parasites were responsible for the 
condition. The possibility that bacteria were concerned 
was also considered, but a search for these was unsuc- 
cessful, and I had no opportunity of examining fresh 
material. 

Sections of the skin, including portions of the growth 
were then made and stained with methyl-blue-eosin, and 
Heidenhain’s iron haematoxylin. 

Part of such a section is represented in fig. 1, pl. VIII. 
It will be seen that the skin is very much altered. The 
scales are in some cases quite displaced, and may even be 
seen buried up in the tissue of the tumour. The dermis 
is always quite unaffected; whatever the disease is it 
affects only the epidermis. This latter layer is quite 
changed. In a normal fish it consists of roughly poly- 
hedral cells lying close together, and contains large 
mucus cells included among the others. At the base is 
a very regular layer of cubical cells, and at the free 
surface of the skin the epidermal cells become flat and 
horny. The tissue of the tumour replaces the epidermis, 
which, as a normal structure, has entirely disappeared. 
Instead of it we see a densely compacted mass of smaller 
cells. These are arranged in aggregates somewhat 
resembling tubercles. In the axis of each tubercle is a 
core of fibrous tissue, with a structure very difficult to 
determine; and here and there cavities containing groups 
of small bodies, not unlike, in size and shape, masses of 
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myxosporidian spores. A small portion of the tumour as 
seen with a high power immersion lens is depicted in 
fig. 2, pl. VIII. Part of the core of one of the tubercles is 
shown with a number of the small oval bodies referred to. 
These have an average length of about 5u. They stain 
densely with eosin or iron haematoxylin, and show no 
obvious structure. They are not at all numerous. 

The rest of the tissue consists of cells of various sizes, 
with apparently some structureless material serving as a 
matrix. There are two kinds of these cells. One kind 
stain densely, are rather smaller than the others, and show 
a definite nucleus ‘The other kind appear also to be 
nucleated, though it is difficult to be certain, and are 
larger. Indeed one can easily say too much regarding 
the cytology of this tissue, for the preservative was only 
formalin and I had no opportunity of fixing the thing 
properly. 

I think the only probable explanation of this con- 
dition is that it represents a catarrh of the skin, such a 
condition as is described by Hofer* as “ Erkaltungs- 
krankheiten.” I have not seen any such condition as is 
represented by Hofer’s plates VIII and IX, but the 
general “ turbidity ’ of the skin, the delicate waxy bloom 
which he speaks of, is well shown in some of these 
specimens. It appears to be a paradox, Hofer says, to 
speak of a fish as catching cold or catarrh; still that such 
an ailment should be experienced by a fish is not so sur- 
prising as it at first appears to be. In a cold blooded 
animal the heat regulating mechanism, which is so 
characteristic and important a feature in the physiological 
economy of a warm blooded creature, is conspicuously 
absent. The temperature of a fish is always that of the 
medium in which it lives, or only a very little higher. 


* Handbuch der Fischkrankheiten, Munchen, 1904, p, 87. 
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Such sudden changes of temperature as a warm blooded 
animal must accustom itself to are as a rule not 
experienced by fishes, for changes in the temperature of 
even a small mass of water such as a pond take place 
much less rapidly than corresponding changes in the 
atmosphere. Nevertheless, there are circumstances in 
which the water temperature may change fairly rapidly 
—such as, for instance, would be produced by the quick 
migration of a fish from one part of a small stream into 
another, or into a pond; or, perhaps, by a sudden freshet 
in a small stream produced by cold rain or melting snow. 
Still more would such change be experienced by fishes 
living in captivity as for instance in fish-breeding estab- 
lishments; and it is chiefly in relation to fishes living in 
these conditions that catarrh of the skin has been observed 
and studied. 

These Manx salmon parr were then probably suffer- 
ing from some kind of dermal ecatarrh. Indeed I can 
suggest no other explanation of the lesions observed. 

The other apparent cases of dermal catarrh observed 
were in several dabs (Pleuronectes lomanda) which have 
been taken during the last year or two. One fish brought 
to the Piel fishermen’s classes in April, 1906, by Capt. 
Wignall showed the condition very well. The fish was 
a mature male with ripe testes and apparently in normal 
condition. But on either side near the tail was a soft, 
white, slightly translucent tumour not unlike those 
described from the Manx salmon parr. The tumour had 
a papillated surface, was about 1 cm. in diameter, and 
about 2mm. in height. In the fresh condition there was 
an irregular radiate arrangement of blood capillaries 
infiltrating its mass. Smears from a part of this growth 
were made and stained by Romanowsky’s method, and 
also by Heidenhain’s iron haematoxylin. The blood of 
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the fish was also examined, but was quite normal. Indeed, 
with the exception of the tumour described no other 
evidence of disease could be discovered. 

The tissue of the tumour showed a general resem- 
blance to that described in the case of the young salmon. 
But there was a much larger quantity of broken down 
material, of a finely granular nature, lying between the 
cells. The latter are apparently epidermal cells altered 
considerably, staining only very lightly with 
Romanowsky, but deeply with iron-alum haematoxylin. 
Among these cells are nests of bacteria staining well with 
Romanowsky. Several of these are represented in fig. 3, 
pl. VIII, andit will be seen that they are of very various 
forms. The long delicate bacillus occurs rather rarely ; 
it is about 104 in length. Other forms are short curved 
rods and thick, dumpy bacill, most of which stain as if 
spore formation were in progress, but are probably only 
the involution forms of a bacillus akin to the long slender 
forms. These bacilli are not very numerous, though a fair 
number could be seen in every field. An attempt was 
made from the fresh tissue to set up a cultivation on 
nutrient gelatine at ordinary room temperature, but no 
results were obtained. Probably they represent only a 
secondary infection on a partially broken down prolifera- 
tion of the epidermis. The whole appearance of the latter 
is so similar to that in the Manx salmon parr that I am 
inclined to regard this also as a case of dermal catarrh. 
A mechanical injury is out of the question as the skin 
underneath was almost normal and no traces of infection 
by a sporozoan or other parasite could be detected. 
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ON A MYXOSPORIDIAN INFECTION OF GADUS 
ESMARKII. 


By Jas. JOHNSTONE. 


WITH A NOTE ON THE IDENTIFICATION OF 
THE PARASITE. 


By H. M. Wooncocx, D.Sc., Lister Institute of 
Preventive Medicine. 


I. 


In 1889 Giinther* first recorded the presence of the 
Norway Pout, Gadus esmarki, in British waters. This 
fish, previously known only in Scandinavian waters, was 
noted by Gunther in the Firth of Clyde, and in some of 
the Western Scottish Lochs, at depths varying from 26 
to 80 fathoms. Speaking of the characters of the fish 
Giinther says, “ Many of them suffered from a singular 
affection of the eye, namely the whole eyeball, and also a 
greater or lesser part of the iris, being covered with cysts 
containing a cheesy matter.” | 

Again in 1900 Fultont makes a similar observation. 
Gadus esmarkit, belonging to the so-called Scottish and 
Scandinavian types, was found by him in the Northern 
part of the North Sea, where it appears to be fairly 
abundant, and in the Firth of Clyde. Fulton says that 
“a very large proportion of those taken in the Firth of 
Clyde had one or both eyeballs affected in the manner 
described by the author named [Giinther], (the cysts, 
however, containing fine granules) but no specimen from 
the North Sea was observed to be so affected.” 

In March of 1906, a Norway Pout: was caught in a 


* Proc. Roy. Soc. Edinburgh, vol. 15, 1889, p. 212. 
Rept. Scottish Fishery Board, 19, pt, 3, 1900, pp. 282-4. 
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shrimp-trawl worked in shallow water near Morecambe, 
and sent to me. ‘This specimen had both eyes affected 
_ in the manner described by Giinther and Fulton. 

These are the only instances of this affection of the 
eye which, so far as I am aware, have been observed. 
Although the fish has been known for a long time on the 
coasts of Scandinavia, and has since been found on most 
of the coasts of the British Isles, the eye parasites have 
only been found on the West Coast of Britain. Probably 
the specimen found at Morecambe is one of many which 
have migrated into the Irish sea through the North 
Channel. 

Fig. 1, pl. IX represents the head of the specimen 
(twice natural size). The eye is perhaps larger than in 
normal specimens. Round the peripheral part of the 
cornea, and covered loosely by conjunctiva are a number 
of milk-white rounded or oval bodies, from about 1 to 
3 mm. in diameter. Several of these have fused to form 
elongated masses, which take the curvature of the 
periphery of the eye. Growing out from the lower 
margins of this ring is a botryoidal mass of similar 
material which encroaches on the pupil. When one of 
the eyes was removed it was seen that these adventitious 
structures had invaded the lateral and posterior parts of 
the bulbus oculi. 

These structures remind one of pustules. When 
pricked (in the fresh condition) a thick, white, pus-like 
substance could be squeezed out. But when a trace of 
this was examined under even a low power of the 
microscope it was immediately seen that the structure was 
a Myxosporidian cyst. The “fine granules” filling up 
the interior were spores containing two polar capsules, 
and in some cases, two polar filaments were seen under a 
high power. 

Vv 
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Fig. 8, pl. IX represents a nearly meridional section 


of the wall of the bulbus oculi. Apart from the shape 
of the bulbus, and the presence of the processus falci- 
formis and campanula, the fish eye does not differ greatly 
from that of higher Vertebrates. In the wall, however, 
we find a choroid layer possessing features solely piscine, 
and also the peculiar argenteal layer. The sclerotic 
consists of two layers, (1) a layer of cartilage, ceasing 
some distance behind the iris: on the internal surface of 
this is the argentea; and (2) a fibrous layer which lies 
external to the cartilaginous layer. This feature is, of 
course, paralleled among other Vertebrata. 

The intrusive cysts le within the thickness of the 
cartilaginous layer of the sclerotic. This latter is, of 
course, quite thin in the normal eye, whereas in the 
diseased specimen the cysts are sometimes over 2 mm. 
in diameter. The multiplication of the Myxosporidian 
within the cartilaginous sclerotic has, therefore, distended 
the latter layer. In section a layer of cartilage, some- 
times, hewever, very thin, can be traced all round the 
cyst. In other parts of the section the cartilage thins 
out and almost disappears, being either mechanically 
stretched or, perhaps, reduced by the reaction of the 
Myxosporidian tissues. The other parts of the eye were 
apparently quite normal. The function of the organ had 
not apparently been affected; though it is probable that 
a kind of cataract might easily be induced by the invasion 
of the cornea by the cyst masses. This process has 
indeed begun in the eye figured. J. J. 
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JO. 


Mr. Johnstone kindly sent me a couple of smears 
made from the contents of one of the cysts above 
described, expressing his opinion that a Myxosporidian 
parasite was concerned, and asking me to identify it. On 
examining the smears, I saw that they consisted entirely 
of spores, evidently belonging to a Phaenocystan parasite, 
for two brightly refringent polar capsules were visible in 
each. One of the slides was stained with Heidenhain’s 
iron-haematoxylin, the other with thionin. For some 
reason or other the first method did not prove a success, 
the stain persisting in the spore-wall in a rather blotchy 
manner, and obscuring the contents; while the polar 
capsules did not retain it at all. By the second method 
the spore-wall itself remained unstained, the polar 
capsules were deeply stained, and the various nuclei, 
though not retaining the stain as much as was desirable, 
eould often be made out with a little trouble. 

Two spores are seen in fig. 2. In shape they are 
slightly ovoid, their dimensions averaging 10 » in length 
by 8 w in breadth. The two polar capsules (p.c.) are 
situated near one end of the longer axis; the length of 
each varies from 3} to 34 uw. Unfortunately, I could not 
find a single spore in which either or both of the polar 
capsules had the filament evaginated. This was a little 
surprising, as in a similarly prepared slide of another 
parasite (Sphaerospora platessae) which I have previously 
characterised,* the stimulus of spreading the smear had 
caused many of the capsules to evert their filament. So 
that I have not been able, so far, to ascertain the length 
of the filament in the spores under discussion. Occupying 
a considerable portion. of the sporoplasm is a large, well- 


Woodcock, Proc. L’pool Biol. Soc., Vol. XVIII., p. 140 (1904). 
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defined vacuole (7.v.) which is invariably present. This ts 
the iodinophilous vacuole, which is characteristic of ali 
members of the Phaenocystes belonging to the family 
Myxobolidae. ‘The nucleus in connection with each polar 
capsule—the nucleus, z.e., of the so-called “ capsular cell,” 
or portion of the pansporoblast from which each capsule 
is formed—is shewn at (n.p.c.). The two germ-nuclei of 
the undivided sporoplasm are visible at (V). It may be 
added that, in one or two instances, I could make out a 
slightly deeper-staining line or thickening just internal 
to the spore-wall on either side. These probably 
represented the nuclear remains of those other portions 
or organellae of the pansporoblast, which, as recently 
shewn by Léger and Hesse,* give rise to the two valves 
of the spore. As, however, I did not feel quite sure of 
them, owing to the faintness of the staining, and as 
neither of the spores drawn actually shewed them at all, I 
have not included them in the figure. 

With regard to the systematic position of this parasite 
of Gadus esmarkii, the simple shape of the spore, lacking 
any tail-processes, makes it apparent that it must be 
included in the genus A/yxobolus; and, further, the 
presence of two practically equal polar capsules places it 
in the corresponding section of this genus. The dimen- 
sicns of the spore do not agree at all closely with those of 
any Myxobolan spore, belonging to this section, which 
has so far been described. Moreover, up till now no 
Myxosporidian has been known to occur in one of the 
Gadidae. Hence it is most probable that this Myxobolus 
is a new species, for which I propose the name Jf. esmarkii. 


* Léger and Hesse, C. R. Ac. Sc., 19th March, 1906. 
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ICHTHYOLOGICAL NOTES. 


JAS. JOHNSTONE. 


(1) An hermaphrodite hake. 


In June last, Mr. W. Wright, a fisherman who had 
attended the classes at Piel in 1905, recognised that a 
hake which he was gutting on board a steam trawler, 
fishing off the West Coast of Ireland, was possessed of 
hermaphrodite organs. The viscera were, therefore, 
preserved in some spirituous liquid and handed to Capt. 
Wignall, who sent the specimen to me. In the course 
of dissection, which is always a much more rapid process 
-on a steam trawler than in a laboratory, the viscera had 
suffered considerably, and the relations of the genital 
ducts, urocyst, and alimentary canal were not at all clear 
in the specimen when it reached me. Nevertheless, 
there is no doubt that the organs are those of a 
hermaphrodite hake. 

Both ovaries are present. That on one side is 
5-5 x 325 cm. in diameter; that on the other side being 
65 x 35 cms. in the corresponding dimensions. They 
are apparently normal organs, hard, and crowded with 
small ova, and not dissimilar in structure and stage of 
ripeness to the ovaries of a normal hake at the same 
stage of development and at the same period of the year. 
The ova are about 0°8 mm. in diameter. 

At the posterior end of each ovary is a testis. These 
organs have the shape and appearance characteristic of 
a well-developed gadoid testis. ‘They are apparently 
incomplete so I do not give their dimensions. Both are 
equally well developed, and each is larger than the ovary 
to which it is attached. They are convoluted in the 
usual manner though the convolutions are not so 


310 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


numerous or complex as in a normal male fish. A thick 
' sheet of peritoneum, loaded apparently with fat, connects 
the two testes. On cutting open the ovaries there was 
no perceptible lumen, except at the posterior end, 
where the substance of ovaries and testes became con- 
fluent. At this place the lumen of the ovary was 
continuous with that of the proximal part of the testis. 
Cases of hermaphroditism in most teleosts, especially 
in Gadoid fishes, are, of course, very rare. Nevertheless, 
a fair number of hermaphrodites have been described. 
The earlier literature is discussed, and the instances of 
hermaphrodite codfish cited in the well-known paper by 
Howes* on the “ Hermaphrodite genitalia of a codfish,” a 
further instance as recorded by Ramsay Smith,t and other 
cases are recorded by Masterman,{ who discusses the 
cases recorded later than those in Howes’ classical paper. 
The specimens figured by Howes and Masterman were 
apparently functional females. Whether or not ripe 
spermatozoa were extruded by these fishes while alive is 
difficult to say, but probably the male organs were 
functionless. In Ramsay Smith’s specimen (from a 
haddock) the testes and ovaries were equally well 
developed, but the former were relatively larger than in 
Howes’ specimen, where the testis formed a small rosette- 
shaped structure at the extremity of the ovary. In 
Masterman’s specimens the testes were small and there 
were a few ripe eggs 1n the mouth of the oviducts. These 
fishes were, therefore, probably functional females. In 
the specimen now before me we have what is probably a 
functional male fish. The testes are well developed 
and there is free communication between them and the 


* Journal Linnean Society, vol. 23, 1891. 
t Rept. Scottish Fishery Bd., vol. 9, p. 352 1891. 


Do. do. vol. 12, plates 3 and 4, and vol. 13, 
p. 297, 1893- 
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cavities of the ovaries and oviducts. If ripe spermatozoa 
were extruded these must have been emitted through the 
(normal) female genital aperture. 

In the southern Irish Sea the hake appears to spawn 
later in the year than its allies. Holt* found ripe 
specimens as late as July, and concludes that, in the Irish 
seas, the spawning period of the hake may be prolonged 
from March until the end of July. Hwartt found that 
the spawning took place late in the year, and M’Intosh 
reports a ripe male in August on the Hast Coast of 
Scotland. Apparently, then, the fish may spawn about 
midsummer, and, if so, the hermaphrodite specimen here 
described was a functional male—that is if the fish were 
sexually functional at all—for the ovaries were those of 
a fish which certainly had not spawned during the year 
when it was caught, and apparently would not have done 
so had it remained in the sea. On the other hand the 
testes had all the appearance of nearly ripe functional 
organs. 

It was interesting to note that two or three small 
pear-shaped bodies possessing all the structure of a 
testis, were attached to the outside of one of the ovaries 
some distance from the place where the main testicular 
mass and that of the ovaries joined. 


(2) Gurnard (Trigla gurnardus) with malformed lower jaw. 


A small grey gurnard sent me some time ago by 
Captain Wignall shews an interesting malformation of 
the lower jaw. The head of this fish is represented in 
tig. 20. Seen from the side a notch appears to have been 
cut out from the mouth of the fish, and even without 
dissection the peculiar appearance is seen to be due to 


* Sci. Proc. Roy. Soc. Dublin, vol. 7, p. 401, 1892. 
+ 7th An. Rept. Scottish Fishery Board, pp. 3, 196, 1889. 
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the absence, or at least great reduction in the size, of the 
lower jaw. ‘The upper jaw overhangs the mouth which 
is reduced to a small crescentic slit on the lower side of 
the head; both jaws are quite immovable. Whatever 
food the fish obtained must have been of very small size. 
There were no recognisable food remains in gut or 
stomach. Nevertheless the fish appears to be healthy 
and in good condition. 


Fie. 20. Trigla gurnardus. Natural size. 


Fig. 21 represents the normal suspensorium and jaw 
apparatus of a grey gurnard, and it will be seen that we 
have here the type which, with no essential variation, is 
encountered among almost all teleostean fishes. In the 
abnormal skull now before us (fig. 22), the parts of the 
suspensorium and upper jaw are essentially as in the 
normal skeleton. The palato-pterygoid arcade consists 
of the same bones, and in the same relationships as in the 
normal skull. So also with the maxilla and pre-maxilla. 
The palato-pterygoid arcade is, it is true, shifted dorsally 
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to a position much nearer to the ventral surface of the 
skull, and this is also the case with the bones of the 
upper jaw. But otherwise all are quite normal. The 
difference in the two skulls hes in the lower jaw. In the 
normal skeleton this consists of the usual parts, dentary, 
articulare and a very small angulare, and is rather 
massive. In the abnormal skull these parts are 
altogether different and are much dwarfed. There 
is no apparent angulare, but, perhaps this is 
ossified together with the articulare. This element 
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ANGULA REN “SYMPLECTIC 
QUADRATE 


Fie. 21. Skull of Trigla gurnardus. Natural size. 


igor at all dike the normal. bone; it is an 
irregularly shaped bone the long axis of which is dorso- 
ventral. On its posterior surface is a saddle-shaped 
articular surface which receives the articular knob of the 
quadrate. In front and a little above this is a socket- 
shaped articular surface into which the proximal end of 
the lower jaw proper fits. The latter consists of an 
apparently single bone, which is a flat hoop forming the 
lower margin of the gape. It probably is the fused and 
completely ossified Meckelian cartilages, whether or not 
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membrane bones are included in it is not certain, but it 
probably represents only the two Meckel’s cartilages. 
From these parts, and the articular elements, a strong 
tendinous and muscular sheet of tissue passes ventrally 
and is inserted into the hypohyal elements of the hyoid 
arch. It is the latter which form the prominent “ chin ” 
shewn in fig. 20. 
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y/PREQPERCULUM 
oe BOPERCULUM 


Fic. 22. Malformed skull of Trigla gurnardus. Slightly magnified. 


Malformations of this kind are extremely rare among 
teleostean fishes living in nature. Probably individuals 
exhibiting them are eliminated at an early stage of their 
life history. If, as is probably the case, the malforma- 
tion here described was developed during the post larval 
stage it is difficult to see how the fish contrived to secure 
enough food. But it is probable that the gape was of 
greater extent in this stage, and that the very contracted 
mouth opening was only developed after adult growth 
had been attained. 
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Gadus esmarkii, Nilsson. 


The Norway Pout, although by no means an in- 
frequent fish in British waters, has not until the spring 
of this year been recognised on the eastern side of the 
Trish Sea. Probably it is not uncommon among the 
shoals of small whiting which at times frequent the 
shrimping grounds. The specimen referred to here was 
caught by a shrimper near Morecambe, in March, 1906, 
and was sent to me by Mr. Ed. Gardner. It was a 
gravid female, containing ripe ova. Both eyes contained 
a myxosporidian parasite, which is described above. 


Notrt.—While this report was going through the press Mr. Ragdale, 
Chairman of the Scientific Sub-Committee, noticed in the Manchester fish 
market a fine specimen of Beryx splendens, Lowe, measuring twelve inches 
from extremity of head to root of tail. It was caught off the S.W. coast 
of Ireland in Lat. 49° 10’ N. Long. 11° W. ‘The specimen has been 
presented by Mr. W. Vernon to the Manchester Museum.—W. A. H. 
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THE FOOD OF FISHES. 


By Jas. JOHNSTONE. 


Observations on the food of comparatively few fishes 
have been made. The following lists refer to the 
examination of the stomachs of 114 plaice and 146 dabs. 
The observations were made not as part of a systematic 
scheme for the investigation of the food of fishes in 
general, but rather with the object of exhibiting the 
contrast between the food of plaice and dabs caught on 
the same fishing ground and in the same hauls of the 
net. I give the numbers of both kinds of fish taken in 
the hauls; the sizes of the fish are not given, but generally 
plaice of 9 to 12 inches in length, and dabs of 7 to 10 
inches were examined. The contents of the stomach and 
intestines are given for each fish examined and the 
observations relating to plaice and dabs caught together 
are put in parallel columns. 


1. Plaice and Dabs. 

3rd January, 1906.—Blackpool Closed Ground. 
Catch: 3 plaice, 77 dabs : — 

3 plaice and 6 dabs examined, but all had empty 
stomachs. 

9th January, 1906.—Beaumaris Bay. Catch: 146 
plaice, 109 dabs : — 


top baee- | 8 dajbis- 
4—-ikmpty. 3—Hmpty. 
1—Scrobicularia. 1—Mactra. 


1—Solen and Scrobicularia. 1—Mactra and Crangon. 
1—An amphipod. 1—Foot of Cardium. 
2—Ophiurids. 
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20th February, 1906.—“ Shoals.”” Catch: 23 plaice, 
29 dabs :— 


(OM as ie e:. ales dia bis’. 
4—_Solen. 5—Solen. 
2—Solen, Polychaete. 1—Solen, Portunus. 
1—Solen, Polychaete, 2—Gonoplax. 
Eehinid. 1—Nephrops. 
1—Crab. 


1—Gephyrean worm. 
3—Empty. 


14th June, 1906.—Tremadoc Bay. Catch: 15 plaice, 
24 dabs : — 


Sep lad ce - 5 Glalog, 
1—Solen, Mactra. 1—Solen. 
1—Mactra. 1—Solen, Macira. 
1—Polychaetes. 1—Portunus. 
1—Portunus, Nereids. 
1—Nephrops. 


1—Compound ascidians. 


19th June, 1906.—Aberporth Bay. Catch: plaice, 
dabs : — 
12 dabs. 

4—Ophiurids (stomachs very full). 
1—Ophiurids, Pagurus, Scrobicularia. 
1—Scrobicularia, Aphrodite. 
1—Scrobicularia, Nucula. 
1—Scrobicularia. 
1—Pagurus, Scrobicularia, Natica, Aphrodite. 
1—Pagurus. 
1—Aphrodite, Scrobicularia. 
1—Ampelisca (stomach full). 
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9th July, 1906—Near Nelson Buoy. Catch: 320 
plaice, 126 dabs : — 


2 eplaice: 1 0) dabist 
1—Solen. 1—Tubicolous polychaetes. 
1—Nucula. 1—Tubicolous polychaetes, 
1—Tubicolous polychaetes. Nucula. 
3—Tubicolous polychaetes, 1—Ophiurids. 

Scrobicularia. 3—Ophiurids. 


1—Tubicolous polychaetes, 1—Ophiurids, Nucula. 
Scrobicularia, Nucula. 1—Holothurian, Pectinaria. 
3—Tubicolous polychaetes, 1—Portunus. 
Nucula. 1—-Empty. 
1—Tubicolous polychaetes, 
Scrobicularia, ophiurids. 
1— Empty. 


10th July, 1906.—Off New Quay. Catch: 8 plaice, 
16 dabs :— 
on epila meee: 6 “da ose 
3—Polychaetes. 2—U pogebia. 
2—Hermit crabs. 
1—Ophiurids. 
1— Empty. 
13th July, 1906—Llandudno Bay. Catch: 16 
plaice, 84 dabs: — 


2" plaice: 12 dabs. 
6—Scrobicularia, Nereids. 3—WNSabella. 
3—Nereids. 3—Sabella,. sprats. 
2—-Nereids, Echinocyamus. 2—Sprats. 
1—Solen. 1—Sprats, Crangon. 
(Little food in any stomach).1—Sprats, Actinia. 

2—Portunus. 


(Stomachs full.) | 
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19th September, 1906.—Red Wharf Bay. Catch: 
5 plaice, 24 dabs :— 
3 plaice. 21 dabs. 
3—Scrobicularia. 3—Ophiurids. 
1—Ophiurids, Solen. 
1—Ophiurids, Scrobicularia. 
1—Ophiurids, Hermit crab. 
1—Ophiurids, Crangon. 
1—Ophiurids, Ampelisca, 
Hermit crabs, Echinus. 


2—Scrobicularia, 
Ampelisca. 
1—Ampelisea, Ophiurids. 
1—Ampelisca, Hermit 
crab, Ophiurids. 


2—Hermit erabs. 


1—Crangon. 
1—Carcinus. 
5—Hmpty. 


20th September, 1906.—Entrance to Formby Channel. 
Catch: 22 plaice, 150 dabs. 


8 plaice. 11 dabs. 
2—Scrobicularia. 1—Tubicolous worms. 
2—Scrobicularia, 2—Tubicolous worms, 


Polychaetes. Mactra. 
2—Ophiurids, Polychaetes, 1—Tubicolous worms, 


Mactra. Venus. 
1—Polychaetes, Mactra. 2—Tubicolous worms, 
nay, Portunus. 

(Very little food in 1-_Tubicolous worms, 
stomachs.) Carcinus. 
1—Natica. 
1—Nereids. 


1—Sprat, Ophiurids. 


1—Sprat, crab. 
(Stomachs full.) 
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2nd October, 1906.—Luce Bay. Catch: 88 plaice, 
14 dabs. ; 


Zeeep ead c'e: 4 dabs. 
10—Solen. 1—-Arenicola. 
1—Solen, Nereids, 1—Portunus. 

Ampelisca. 1—Nephrops. 


2—Solen, Nereids. 1—Philine, Tube worm. 
1—Solen, Ampelisca. 
2—Solen, Nucula, Mactra, 

Crab. 
3—Nereids. 
1—Nereids, Ampelisca 
1—Arenicola. 
2—Hmpty. aa 

2nd October, 1906.—Luce Bay. Catch: 21 plaice, 
21 dabs :— ae 

© Vole roe. 6 da bse 

6—All Solen. 1—-Solen. 

; 1—Solen, Pandalus. 
1-—Solen, Ophioglypha. 
1--Solen, Crab. 
1—Philine. 
1—Gasteropod foot. 

2nd October, 1906.—Luce Bay. Catch: 184 plaice, 
37 dabs :— . 


(amspllvaece | 14 dabs. 

1—Solen. 1—Solen. 
1—Solen, Nucula. 3—Ophioglypha. | 
1—Solen, Nucula, Nereids. 1—Ophioglypha, Scrobicu- 
1—Solen, Nucula, Nereids, laria. | 

Scrobicularia. 1—Ophioglypha, Scrobicu- 
1—Nucula. laria, ‘Uhraciaesae 
1—Nucula, Nereids. 1—Ophioglypha, Carcinus. 
1—Nucula, Serobicularia. 1—Ophioglypha, Cardium — 

echinatum. 


1—Scrobicularia, Crab. 
2-—Hermit crabs. 7” 
1—Portunus. 

1 =Phline: 


1—Nemertine. 
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5th November, 1906.—Catch: 41 plaice, 82 dabs :— 
Le Olea iGe. . lo dabs. 


3 10—Solen. 4—Solen. 
2—Solen, Crab appendages. 1-—Solen, Nereids, Hermit 
crabs, Zoophytes. 
1—Hermit crabs, Solen. 
- 1—Hermit crabs, 
7 Amphitrite. 
oe -_1—Hermit crabs, Solen, 
Pecten. 
1—Zoophytes, Solen. 
1—Portunus. 
1—Soft crab. 
4—Kmpty. 


22nd November, 1906.—Near Nelson Buoy. Catch: 
10 plaice, 10 dabs :— 
Seeplaice. (diay bis. 
All empty. All empty. 


It is, of course, only practicable to display these 
observations in a roughly quantitative manner. The 
actual numbers of food animals present in the alimentary 
canal of each fish were not counted, and only approximate 
estimates of the abundance of each constituent of the 
food were made. It is, nevertheless, possible to shew 
roughly what is the commonest food of each fish. In 
the following table the numbers of black dots represent 
the number of fishes in which the food animals noted in 
the adjoining columns occurred exclusively. Hach full 
dot represents two fishes. 
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When arranged in this way the contrast between the 
food of plaice and dabs is at once evident. We see (1) 
that the dab is an omnivorous feeder and that it will take 
anything on the sea bottom from a sprat to a zoophyte; 
but that (2) it indicates a preference for particular food 
animals such as ophiurids, crabs and lamellibranchs. The 
latter were usually Scrobicularia alba, Mactra, Tellina, 
and often the feet of Cardiwm echinatum. The crabs 
were either Portunus depurator, which often occurred 
alone in the alimentary canal, Carcinus moenas, which 
was less common, or Hupagurus bernhardus, which was, 
perhaps, the commonest crab found as the food of the 
dab. The ophiurids were nearly always Ophiura albida. 
The Amphipods were always Ampelisca. Sprats were, 
of course, an unusual food, but on one occasion (in 
Llandudno Bay, on 138th July, 1906), two dabs were 
found which were gorged with small sprats. The 
tubicolous Polychaetes were either Sabella or Amphitrite. 
U pogebia, a Callianassid Crustacean, which so far we have 
only found in the stomachs of fishes, was found in two 
dabs taken on 10th July, 1906, off New Quay Head. 

At the foot of the first column in the table are given 
several animals which occurred exceptionally in the 
stomachs of dabs examined from various grounds. They 
were generally associated with other food animals and 
never occurred in abundance. ‘They indicate further the 
catholicity of taste of the dab. 

The plaice affords a decided contrast. It will be 
seen that by far the commonest food animals of this fish 
were lamellibranch mollusca. Next in importance come 
Polychaete worms which very seldom, apparently, afford 
an exclusive food for the plaice, but are nearly always 
associated with lamellibranchs. Both errant and 
tubicolous polychaetes are eaten. The former are 
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usually Nereids, and the latter are often Sabella and 
Pectinaria. Ophiurids afford a very exceptional food for 
the plaice. Once or twice Hehinocyamus pusilla was 
found, but in association with other animals, usually 
lamellibranchs. The commoner lamellibranchs are, of 
course, those eaten by the plaice. The following table 
represents the order of abundance in which these animals 
occurred in plaice stomachs : — 


BOleM ee ecencsese on 0000080008000 0800808008088000088 Gt 
Solen-+ Mactra ..|/q 
Solen+Nucula..|/@ 
Solen+ Scrobi- ) 
cularia | < 

Scrobicularia ....\@@@ 

» +Nucula..|¢@ 
INCU ay se. occ ow sec  ) 
MACCPA A vicsas Shccee  ) 


Fic. 24. Food of plaice. 


The distribution of plaice and dabs, considered as a 
bionomic problem is, of course, one which would require 
much more patient and serious investigation than we 
have yet been able to attempt. In the consideration of 
the commoner food animals eaten by each species there is, 
however, a probable explanation of the comparative 
ubiquity of the dab as compared with the plaice. The 
latter is much more fastidious in its tastes than the dab, 
and when the common bivalve molluscs, which it always 
prefers, are not present on a fishing ground, or are sanded 
up, or disappear from any other cause, the plaice deserts 
this ground in favour of others where these molluscs are 
to be found. So we find that a “strike,” or settlement - 
of the spat of mussels, or other lamellibranchs on any 
fishing ground is often followed by an extensive immigra- 
tion of plaice to this spot. Fishermen credit the plaice 
with the possession of some occult power of detecting the 
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presence of abundant bivalve food, even at considerable 
distances, but the reason of these aggregations of plaice 
on sea bottoms where there is for a time an abundant 
young lamellibranch fauna is simply this, that plaice are 
always to some extent moving about, except perhaps 
during one or more of the colder winter months, and when 
they encounter accidentally such an abundance of their 
favourite food they remain in the place where this is to 
be found deserting it when the food becomes scarce. 

On the other hand, the dab, being a greedier feeder, 
and one accustomed to “take what it can get,” finds a 
more or less abundant table spread for it on almost any 
of the shallow-water fishing grounds off our coasts. So 
we find that the dab is much more widely distributed 
than the plaice, and that when we cannot fish the latter 
the dab is generally to be obtained. 

The sole is again more fastidious than either plaice 
or dab. The stomachs of these fish caught on the “ John 
Fell” have been examined very often, but the results 
are not tabulated. One finds, however, that it is com- 
paratively rarely that soles have any food animals in 
their stomachs other than Polychaete worms. In the 
varying abundance of the latter we have then one of the 
causes of the migrations of the sole. Of course, this is 
not the only cause, but, no doubt, it is one of the most 
- Important. 

Finally I give the records of the examination of the 
stomachs of several cod caught during the early part of 
the year. They shew little beyond what we already know, 
viz., that the cod feeds largely on fish and crustacea. 
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Cop. 


9th January, 1906.—Beaumaris Bay. One specimen, 
33ins. long. Contents of the stomach were :— 


3 dragonets ; 
1 poor-cod ; 
1 small pleuronectid. 


3rd January, 1906.—Blackpool Closed Ground. One 
specimen, about d3ins. long. Stomach contents :— 
33 sprats (or young herrings, species indeter- 
minable). 
1 pleuronectid, 8ins. long; 
3 pleuronectid, 3ins. long; 
6 shrimps; 
1 Aphrodite ; 


1 piece of coal. 


24th January, 1906—Beaumaris Bay. One cod, 
30ins. long. Stomach contents : — 


6 Carcinus. 


31st January, 1906.—Red Wharf Bay. 1 cod, 30ins. 


long. Stomach contents :— 


6 Hermit crabs. 


31st January, 1906.—Near Liverpool N.W. Light 
Ship. Cod, 27ins. long. Stomach contents :— 
1 whiting, 10ins long. 
Cod 22ins. long. Stomach contents :—— 
7 Portunus. 


Codling, 9ins. long. Stomach contents :— 
9 Portunus. 
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Ist February, 1906. Near N. Constable Buoy. © Cod 
32ins. long. Stomach contents :—— 
2 flat fishes, 6 to 8ins. long; 


1 dragonet ; 
15 Portunus. 


20th February, 1906.—Shoals. Cod, 33ins. long. 


1 dragonet ; 
15 Portunus. 


20th February, 1906.—Shoals. Cod, 3dins. long. 


Stomach contents : — 
1 poor-cod, much fish debris. 
Cod 28ins. long. Stomach contents :— 
8 Portunus; 
1 small whiting. 
tod 28ins. long. Stomach contents :— 


7 Nephrops. 
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REPORT ON VARIOUS 
BACTERIOLOGICAL ANALYSES OF MUSSELS 
FROM LANCASHIRE AND WALKS. 


By Jas. JOHNSTONE. 


1.—On THE BACTERIOLOGICAL ANALYSIS OF MUSSELS FROM 
St. ANNES-ON-THE-SEA. 


At the last meeting of the Scientific Sub-Committee 
in May, 1906, instructions were given to make a 
bacteriological examination of the mussels on the bed near 
St. Annes. Accordingly on June 6th, 1906, Dr. Jenkins, 
Mr. J. Wright and I visited the locality in question and 
I then collected a sample for analysis. 

The sewer at St. Annes is an iron pipe 24 inches in 
diameter which runs out over the foreshore to the low 
water mark of ordinary spring tides, and discharges 
some distance North of the town into the channel known 
as North Channel or Hollow. The flow of sewage 
through the pipe is continuous and there is delivered 
every 24 hours approximately 227,800 gallons (= 26 
gallons per head of population). The sewage is quite 
untreated. 

The mussel bed is situated near to, and indeed round, 
the sewage outfall, and some little distance to the South 
of the latter. It is a small bed but the mussels on it 
are fairly abundant. The shellfish are of good quality, 
with fine, clean and thin shells, apparently rapidly 
growing fish. Those examined were apparently well- 
nourished and healthy molluscs. The ground was, at the 
time when I collected the sample, fairly hard and clean. 
There were quite a number of starfishes on the bed, and to 
the presence of these animals is to be ascribed the unusual 
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number of empty shells present on the ground at the time. 
We looked for paper or other naked-eye evidence of 
sewage deposits on the bed but could see little traces of 
such matter. : 

This bed has long had an evil reputation and I am 
informed by Dr. F. Booth, Medical Officer of Health for 
the Urban District of St. Annes, that though he has no 
direct evidence of illness in St. Annes resulting from the 
consumption of these mussels, the Medical Officer of 
Blackpool has attributed several cases of enteric fever 
directly to the consumption of mussels from this bed. 
Unfortunately there is also grave reason for suspecting 
the cockles from the adjacent foreshore. It is apparently 
the case that cockles clean themselves of ingested sewage 
bacilli much less readily than mussels (Klein). ‘That is, 
these micro-organisms find a more suitable nzdus in the 
tissues of the cockle than in those of the mussel. 

I think the direction of the tidal streams favours the 
contamination of these mussels. Not only is there direct 
and continual pollution by the St. Annes sewer, but a 
considerable quantity of greatly diluted sewage from 
Lytham and even from the Ribble Estuary generally, 
must find its way over these grounds at the earlier period 
of the ebb-tide. It is true that St. Annes sewage must 
pass out to sea through the North channel after the 
higher sand banks have become bared by the ebb, but it 
is also probable that, with the first of the flood some at 
least of this sewage may find its way back through the 
same channel on to the mussel bed. The topography of 
the coast, indeed, renders it impossible that these shell- 
fish can escape direct contamination. 

The sample of mussels for examination was collected 
about 5 p.m. on 6th June. The mussels were collected 
from every part of the bed and at once placed in a recently 
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sterilised, tightly closing paint tin. They were taken 
back to Liverpool on the same evening and the unopened 
tins were at once placed in a sink and packed round with 
fragments of ice. The lids of the tins were tightly 
closed to prevent ingress of the water resulting from the 
melting of the ice. Every precaution was thus taken 
to prevent multiplication of the micro-organisms con- 
tained in the shellfish during the interval between 
collection and analysis. When the tins were opened 
next day the valves of the mussels were still tightly 
closed; in the meantime not all the ice had melted. 

The primary inoculations were made in the forenoon 
of June 7th, within 20 hours after collection of the 
sample. ‘Ten mussels were selected at random from the 
entire sample. The outside of the shell of each was 
rapidly washed with tap water (Liverpool water is free 
from sewage bacteria). The mussel was then opened 
with a sterile instrument; a slit with a sterile knife was 
made through the visceral mass into the stomach, and 
then about 1/10th cc. of the liquid in the latter cavity 
was withdrawn in a recently-drawn-out glass pipette. 
This was evenly spread over the surface of a recently 
poured plate of Griinbaum’s neutral-red, bile-salt, lactose 
agar. At the same time a similar quantity of liquid was 
taken up in the same pipette and inoculated in a recently 
boiled tube of sterile milk; a different pipette was used 
for each mussel. The plates were incubated for 24 hours 
at a temperature of 42°C. The milk tubes were heated 
to 78°C. for 20 minutes to destroy vegetative forms of 
bacteria, and they were then incubated for 24 hours 
at 42°C. under anaerobic conditions (in an atmosphere of 
hydrogen). 

The results of the primary surface inoculations on 
the neutral-red agar are given below :— 
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Muss. No. or CoLon-LIKE COLONIES. WHITE 
CoLONIES. 
LS a ee NOM gece bay eae seat, 12 
2 eRe ee Oe aoa Suc naesees 4 
PM | Ee ese encivo « 36. 7 


~ with many diffuse red patches 


6 Foes . IBA Lae 3 
with several diffuse red ‘patches 


with 5 diffuse red patches 
8 ae Beets) fae | s oe ....| numerous 
with several diffuse red. patches 
9 Ad ee tt ails as. a 
“with numerous diffuse red. patches 
10 Es AOOWL O20 Lee .cs on ises cere ee v0 == 


The significance of these results is that unpolluted 
mussels or oysters taken far out at sea contain no bacteria 
‘in their stomachs which grow on neutral-red agar. 

This is also true of non-sterile but uncontaminated 
sea water. The great majority of the organisms growing 
on this medium are such as are found in sewage, and 
indeed are those that have their normal habitat in the 
human intestine. 

The diffuse patches are formed by the fusion of 
numerous “ colon-like 
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colonies. 
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The object of the anaerobic milk cultures was to 
demonstrate the presence of a spore-forming anaerobic 
bacillus—the B. enteritidis sporogenes of Klemm, or a 
nearly related form. All the ten cultures made gave 
positive reactions; that is, the milk was curdled and 
abundant gas formation took place, breaking up the curd 
in the characteristic manner. This again is presumptive 
evidence of sewage pollution since unpolluted shellfish 
and unpolluted fresh or sea water do not readily give 
this reaction. 

Bacillus coli, the presence of which is now regarded 
as indicative of sewage pollution, grows on neutral red 
agar as deep red, and large colonies. Not all these 
“colon-like”’ growths are, however, produced by the 
typical B. coli. Eleven of these colon-like colonies were, 
therefore, selected from the ten plates, and from them 
pure sub-cultures were made on nutrient agar. After 
24 hours incubation at 42°C. these secondary cultures 
were examined in detail. The presence or absence of 
motility of the bacilli was observed microscopically, and 
each sub-culture was inoculated in 7 different media (bile 
salt glucose broth, glucose broth, lactose broth, mannite 
broth, cane sugar broth, glycerine broth, and litmus 
milk). These tertiary sub-cultures were again incubated 
for 48 hours at 42°C. 

At the end of this time six gave the reactions for the 
typical Bacillus coli. Therefore, about one-half of the 
discrete colonies identified as ‘ 
those of B. colt. 

Neutral-red, bile-salt lactose agar not only affords 


‘colon-lke ” proved to be 


an easy means of picking out organisms which are 
probably B. coli, but it also distinguishes these from 
organisms belonging to the Gaertner and typhoid groups. 
These latter grow on the medium in question as white 
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translucent colonies. Particular attention was paid to 
these latter organisms and eight were selected and 
examined in pure sub-culture as in the case of the 
“ colon-like ”’ colonies. 

Most of these colonies were those of aberrant 
organisms which could not be identified. Two of them 
gave most of the reactions characterising Gaertner’s 
bacillus, and may possibly have been this microbe. One 
of them, however, (isolated from mussel No. 2), was of 
much oreater significance, and had the following 
characters : 

1. It formed a round, slightly raised, translucent 

colony on neutral red, bile-salt, lactose agar. 
. It was motile. 
It formed acid only in bile-salt broth. 
Formed acid in glucose broth. 
. Shghtly discoloured lactose broth. 
. Formed acid in mannite broth. 
. Gave no reaction with cane sugar broth. 


ONAN cw @w 


. Formed acid in milk. 

The agglutination test was made for me by Mr. 
Lewis of the Pathological Department at Liverpool 
University. Twenty-nine parts of an emulsion of the 
_ bacillus were mixed with one part of a serum taken from 
a patient suffering from enteric fever, and which gave a 
positive result with a known strain of Bacillus typhosus. 
This was kept under observation for half an hour. At 
the end of this period well-marked clumping of the 
bacilli took place. 

All these reactions are characteristic of Bacillus 
typhosus the specific germ of enteric fever and I think it 
highly probable, therefore, that this microbe was present 
in mussel No. 2. 

It is only in comparatively few cases that B. 
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typhosus has been isolated from shellfish, though there is 
little doubt that it is often present. The microbe is one 
which possesses little vitality in sea water (Herdman and 
Boyce), or in the alimentary canal of the mussel or oyster 
(Klein), and its presence, therefore, indicates recent, and 
therefore, dangerous pollution, a result which is indeed 
apparent from the unusually large numbers of Baczllus 
colt present in the mussels examined. 

A quantitative analysis of the bacteriology of the 
mussels was also made (as regards B. colz) by the method 
of decimal dilutions of Dr. A. C. Houston, Bacteriologist 
to the Royal Commission on Sewage Disposal. Five 
mussels were taken and removed from their shells with 
sterile precautions. The liquid from the shell cavities 
was made into an emulsion with the bodies of the shell- 
fish and this emulsion was made up to the volume of 
500 cc. with sterile water. 1 cc. of this liquid, therefore, 
contained 1/100th part of one mussel. The liquid was 
then diluted so that 1 cc. contained 1/1,000 part of one 
mussel and the process was repeated. In this way 
emulsions were obtained which contained :— 

A. 1/100 part of a mussel. 

B. 1/1,000 part of a mussel. 
C. 1/10,000 part of a mussel. 
D. 1/100,000 part of a mussel. 

1 ce. of each was then inoculated on neutral red agar 

as before, and also in milk under anaerobic conditions. 
A contained about 20 colon-like organisms. 
B 5 55 6 55 34 
C er 8 2 $9 Fe 
D was sterile. 

One of the colonies in C was produced by B. colt. 
This organism was, therefore, present in 1/10,000 part of 
a mussel (average of five examined). 


—————— 
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The enteritidis reaction was given only by emulsion 
A. 

B. coli was, therefore, present in 1/10,000 part of a 
mussel but was absent in 1/100,000 part. 

I think that the above results leave no room for doubt 
that the mussels from the bed near the St. Annes Sewage 
Outfall are most gravely polluted by micro-organisms of 
intestinal (or faecal) origin. 


2.—REPORT ON AN EXAMINATION OF THE MussEt BEDS 
AT MORECAMBE. 


An analysis of mussels from the “ Ring-Hole,” 
Morecambe, was made in July of this year, and 
a Report was presented to the Chairman of the Joint 
Committee. That Report was only a preliminary one, 
and was only intended to show whether or not it was 
desirable to make a more exhaustive examination. It 
was evident that further enquiry was necessary, and on 
15th September, at the time of the low spring tides, 
Mr. Scott and I visited Morecambe for this purpose. I 
desire here to state that every assistance was given to us 
by the Local Sanitary Authority, and that no information 
that we asked for was withheld. On this first visit we 
were accompanied by Alderman Thomas Baxter, Alderman 
Snowden, the Chairman of the Sanitary Committee, 
Councillor Miller, Inspector Lamb and Mr. E. Gardner, 
the local Fishery Officer. We saw the sewer outfalls 
and some of the mussel beds, and collected a number of 
samples from the vicinity of the main sewer outfalls, from 
“ Baiting-Knot” Skear, and from Ring-Hole. These 
samples were taken at about 6 p.m., near the time of low 
water. Again, on 5th October, Mr. Scott and I made 
another visit to Morecambe and met Dr. Watterson, the 
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Medical Officer of the Borough. At this time the men 
were working on the outer Heysham Skears and we there- 
fore visited the latter at 5 a.m., the time of low water on 
the morning tide. Further samples were taken from 
“ Great-Out”’ and “ Little-Out ” Skears, and from Ring- 
Hole. Samples of sea-water were also taken from off 
Great-out Skear, from off Baiting-Knot, from over the 
main sewer outfall (at that time covered), and from Ring- 
Hole. On this visit we also saw the main sewage culverts 
and the purification works. | 

Bacteriological analyses of the shellfish so collected 
were made in the usual manner. The results show that 
Bacillus colt was present in practically all the mussels 
examined. But in no case was the degree of contamina- 
tion considerable. There was a noticeable difference in 
the results obtained from this analysis and those from the 
analysis of July 19th. Im this latter case the mussels 
(which we did not personally collect) were apparently not 
a representative sample from the Morecambe mussel beds, 
although they may have been taken from a place from 
which mussels are sent to the markets. 

To describe a mussel as dangerously polluted merely 
because it contains Bacillus colt would be quite unjustifi- 
able. This microbe is not, in such circumstances, 
so far as we know, dangerous to health. Its presence in 
a shellfish merely. indicates that the latter is living in sea- 
water which is exposed to some degree of sewage contamina- 
tion. Its presence always indicates the possibelity that 
the shellfish in which it is found may, under certain 
circumstances, come to harbour microbes of a nature 
strictly pathogenic, such as the typhoid bacillus. But 
when the number of B. colz in a mussel is few then this 
possibility is remote. When the number is large, or when 
the pollution is notorious (as in such cases as those of the 
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mussels at Egremont, Rock Ferry, or St. Annes) then we 
may reasonably conclude that the shellfish should not be 
used for human food. In every sample of mussels from 
the coasts of Lancashire, Cheshire and Wales examined so 
far, Bacillus colt has been found; and much more 
extensive investigations carried out by the Sewage Com- 
mission with reference to oysters have given the same 
result. “If,” say the Commissioners, “it should be 
seriously contended that the mere presence of B. coli or 
coli-like microbes in an oyster should condemn it, few 
oysters would probably escape condemnation.’ Probably 
the same conclusion holds good for mussels also. 

At the present time about 90 per cent. of the sewage 
of Morecambe is treated by the biological or septic 
method of purification. The remainder passes into the 
sea as crude sewage. There can be no doubt that the 
presence of this crude sewage is objectionable, but I am 
assured that, in a short time, all the Morecambe sewage 
will pass through the septic tanks. There is some 
diversity of opinion among bacteriologists as to how far 
this method of treatment of crude sewage removes the 
danger to health which might be incurred should the 
effluent go near a shellfish laying. But the general 
opinion is that the chance of dangerous bacteria (such as 
Bacillus typhosus) finding their way into the effluent is 
greatly lessened. 

This is specially the case when the effluent is very 
largely diluted with sea water before reaching shellfish 
beds. When the present Morecambe sewerage scheme 
was sanctioned by the Local Government Board, this was 
apparently considered, for the main sewage outfall is so 
situated that the effluent is carried well out to sea and is 
enormously diluted on the ebb tide before coming near the 
mussel beds. Shellfish are dangerous to health when they 
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contain toxic quantities of Bacillus typhosus (producing 
enteric fever), or possibly B. enteritedis (producing 
~ Gaertner poisoning). These organisms must, in any 
circumstances, if they are present at all, always be present 
in sewage in small numbers; and when the latter is 
intercepted in storage culverts and septic tanks, and then 
turned into the sea and greatly diluted, the chance that a 
mussel can be dangerously infected becomes very small. 

Most people will say that neither crude sewage, nor 
a purified effluent, should find its way anywhere near a 
shellfish bed. One must agree with this opinion, but it 
is rather to be regarded as a “counsel of perfection.” 
When practicable methods of sanitary engineering and 
sewage disposal are being considered, and when one 
thinks of such a densely populated littoral as that of 
Lancashire, it must be apparent that the ideal of 
removing sewage so that it cannot approach mussel beds 
is quite unattainable. 

The general conclusion, then, is that the mussels 
from the skears and beds at Morecambe are not polluted 
to such an extent as to constitute serious danger to the 
health of those consuming them for food. In view of the 
importance of the interests involved, I give below the 
evidence on which this opinion is based. 


The Morecambe Sewage System. 


The accompanying chart shows the positions of the 
mussel beds and the sewer outfalls. Altogether six sewers 
empty into the Channel. No. I., which hes to the West 
of the West End Pier, is the main sewer, and carries 
seawards the treated effluent from the purification works. 
It is a 24-inch iron pipe, and terminates near the skear 
called “Seldom Seen,” at the low water mark of spring 
tides. No. II., the “ Midland Culvert,” is situated to 
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the East of the old harbour; it serves the Winter Gardens, 
the Midland Hotel, and a small group of houses near this. 
No. III., the “ Queen Street” sewer, runs out obliquely 
from Queen Street, near the Central Pier. Nos. IV. and 
V., the “ Calton Terrace ” and “ Thornton Road ” sewers, 
le to the East of the Central Pier. No. VI., the “ Bare 
Sewer,’ is not shown on the chart; it serves the township 
of Bare. Nos. II. to VI. deliver crude sewage, and Nos. 
IIT. to VI. are 12-inch iron pipes. They all terminate at 
low-water mark of ordinary tides. 

Taking a normal population of 11,000 and an average 
water supply of 20 gallons per head per 24 hours, we find 
that the main sewer outfall delivers 200,000 gallons of 
purified sewage, and the other outfalls, 20,000 gallons of 
crude sewage per 24 hours. 

Probably the contribution of the Old Harbour to the 
pollution of Ring-Hole may be neglected. At the present 
time the Harbour is strictly private ground, and is used 
only for breaking up old warships and other superannuated 
vessels. It is largely silted up, and though the bottom at 
low water looks exceedingly foul, it is probable that this 
foulness is more apparent than real. At any rate, the 
only sewage matters issuing from it are those produced 
by the workmen employed on the vessels. As a source of 
pollution the Old Harbour does not count for much, and 
whatever evil exists could easily be remedied. 

Sewers II. to VI. represent the outfalls of the 
original Morecambe sewerage system before the new 
scheme was brought into operation. For some years prior 
to 1897 the Local Government Board had urged on the 
Borough Council the desirability of adopting a system of 
sewage purification. In 1897 they expressed the opinion 
“that untreated sewage should not be discharged anywhere 
in Morecambe Bay,” an ideal which, except at Morecambe, 


340 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


the Local Sanitary Authorities have not yet attempted to 
realise. In 1898 Mr. H. Bertram Nichols, C.E., designed 
the present system of sewerage. At that time the 
Cameron method of septic purification was in high favour, 
and it was decided to adopt this. The scheme provided 
for the collection and treatment of the sewage (almost 
entirely domestic) of Morecambe, Bare and Torrisholme— 
an estimated population of 11,000, with an annual influx 
of 30,000 visitors—at an estimated total cost of £60,000. 
Really the system was designed to cope with a population 
of 60,000 persons, and for an average daily water supply 
of 20 gallons per head. The main sewers are laid along 
the back of the town, and terminate in two main outfalls, 
iron pipes of 21-inch and 24-inch diameter respectively. 
These open into two culverts, which are designed to 
contain an aggregate night flow of 400,000 gallons. The 
culverts open into a well, and the sewage, after being 
screened so as to remove solid matters, 1s raised by means 
of four centrifugal pumps worked by electric power to 
the level of the channels leading into the septic tanks. 
There are eight rectangular tanks, each of which is 
covered in and airtight. After passing through a 
“ detritus chamber,” in which much of the grit from road 
washings is allowed to settle, the sewage passes through 
special inlet pipes into the tanks themselves. Here it 
is allowed to remain, and the well-known septic 
process of purification goes on. The saprophytic 
and nitrifying bacteria normally present in the 
stale sewage act on the organic matters present, 
and most of the solids present in suspension pass 
into a state of solution. Organic matter is broken down 
and resolved largely into harmless nitrites and nitrates. 
A certain amount of sludge settles at the bottom of the 
septic tanks, but the rate of accumulation of this 1s very 


SEA-FISHERIES LABORATORY. 341 


slow, and the tanks require to be cleaned out only at 
very long intervals. The result is the production of an 
effluent which, if the tanks are properly worked, is almost 
clear, is non-putrescible, and which does not cause a 
nuisance. The effluent after leaving the septic tanks 
passes into an underground storage culvert which has a 
storage capacity of 800,000 gallons. At the outlet end of 
this storage culvert is a penstock chamber and a chamber 
provided with a tidal valve. The culvert discharges into 
a 24-inch iron pipe, the liquid in which is under pressure 
from the head of sewage in the culvert. The culvert was 
designed to remain full, or partially full, of effluent for 
nine hours, and to discharge in three hours. In actual 
practice the sewer outfall is opened three hours after, and 
closed four hours before high water. 

The main outfall sewer runs out over the sands to 
a point at Seldom Seen Skear at the low-water mark of 
spring tides and there discharges. At Morecambe the 
duration of the ebb is much greater than that of the flood. 
At spring tides the flood lasts for 3 hours and 15 minutes 
on the average, and at the neaps for 4 hours and 40 
minutes. Hxtensive float experiments were carried out 
to determine how far the sewage would be carried by the 
ebb before the tide turned.* Drift bottles, and large 
wooden floats provided with flags so that their movement 
could be observed, were used. The information derived 
from these float tests showed that the sewage would be 
carried well out to sea before the turn of the tide, and 
would not return to Morecambe. Many of the bottles 


* The Hngineer’s report is:—‘‘ From information derived from 
the float tests on the 10th February, and 16th and 23rd March, 1897, 
and between 25th of August and the 3rd September last (1898), there 
is no doubt that the best point of discharge is at ‘‘ Seldom Seen,”’ a 
point on the north side of the fishing baulks lying north of the Battery 
Inn. At this point the tide at half-ebb would be sufficient to carry 
away une sewage coming from Morecambe far out to sea before the tide 
turned,’’ 
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were carried out of the Bay entirely and were found at 
Drigg, on the Cumberland coast. Others went over to 
Grange, and, no doubt, after oscillating for some time on 
the ebb and flood would ultimately leave Morecambe Bay. 
Whatever way the sewage finally went, the dilution in 
Heysham Lake and the Lune would be enormous. Com- 
parative analyses of the sea-water on the ebb and flood 
would show, I think, that sewage bacteria though found 
in the ebb, in the Morecambe Channels, would be absent, 
or at least very few, in the ensuing flood. It was intended 
to make these analyses, but the work was too extensive in 
scope to be undertaken at the time. Such comparative 
determinations of the numbers of bacilli in sea-water have 
been made in various places, as, for instance, in the 
estuary of the Thames and in Kiel Harbour, and the 
results are both interesting and practically important. 


| Bacteriological Analyses. 


On the occasion of our first visit six samples were 
collected. Two were taken from near the main sewer 
outfall, two from Baiting Knot, and two from Ring-Hole. 
All the samples, with one exception from the top of 
Baiting Knot, were raked by Mr. Ed. Gardner by means 
of the “long craam.” In each sampling several drags 
were made, and the total sample was mixed and about a 
dozen mussels put into a sterilised tin. The tins were 
placed in ice until the analysis was made (some twelve 
hours afterwards). Four mussels were then selected at 
random from each sample-—24 in all, and about yo cc. of 
the stomach contents of each was plated on neutral-red, 
bile-salt, lactose agar (Grinbaum’s medium). After 48 
hours’ incubation at 42°C. the plates were examined. 
Each alternate mussel was also examined for the presence 
of anerobic spore-bearing bacilli. 
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The results of these primary inoculations are shown 
on the following table. It will be seen that the “ enteri- 
tidis reaction” was typical in each of the 12 anerobic 
cultures made. ‘The colonies which resembled those 
produced by Bacillus colt were counted, and the numbers 
present in 75 cc. of the stomach juices of each shellfish 
vary from 14 downwards. On two of the plates no 
“colon-like”’ colonies were present. In some of the 
countings the number is to be regarded as a minimum 
one on account of the fusion of colonies. 
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lst ANALYSIS. 


Primary CULTURES ON NEUTRAL-RED, BILE-saLtT, LAcTOSE 
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Thirteen of the colonies identified as belonging to the 
colon group were then subcultured on nutrient agar in 
sloped tubes, and after 48 hours’ incubation these growths 
were subcultured in bile-salt broth, glucose, lactose, 
mannose, and cane sugar broths, and in litmus milk. 
Again, after 48 hours’ incubation the cultures were 
examined. The results of these tertiary subcultures are 
shown on the next table. It is obvious that the colonies 
Nos. 6 and 14 are not those of B. colt. In two cases 
(7 and 11) the bacilli were non-motile, and in three cases 
(1, 6, 7,) the motility was very feeble. But at least six 
out of the thirteen colonies examined in detail proved to 
be those of typical B. colt. | 

The white colonies present on the primary plates did 
not belong to bacteria possessing any special significance. 


Ist ANALYSIS. 


RESuutTS oF TERTIARY SUBCULTURES FROM PRIMARY 


PLATES. 

Mussel. a Glucose. Lactose. Mannose. Caine Milk. Motility 
Salt. Sugar i 
PERM anos... AP Ln are) 6... ° Oo ate. N.. PE 
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9 MNO D i), A Re aa PY... aL d ac ae 
Men A eA an, AO 635° Oe ac — 
A ee. Anse aw nnsel dee s.s || a Oo ac ste 
Pe Sees A ae A. A oe AL Ee te 


EXPLANATION OF SYMBOLS :— 
a = acid; g = gas; c = clot; d = discolouration. 
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The second analysis was conducted in precisely the 
same manner. A sample of about 20 mussels was 
collected from Great-out and Little-out Skears, one mussel 
being taken from each part of the skears visited. This 
sample was therefore a thoroughly representative one. 
One drag was then made in the middle of Ring-Hole, and 
a similar quantity was taken from the sample. Five 
mussels from each of these samples were examined as 
before. In the case of the Ring-Hole shellfish the 
enteritidis reaction was not tried for. The results of 
these primary inoculations are shown on the next table. 
Distinctive white colonies were absent in each case, and 
the numbers of colon-like colonies vary from 20 down- 
wards. In the case of two of the Outer Skear mussels the 
enteritidis reaction was atypical. 


2nD ANALYSIS. 


PRIMARY SUBCULTURES ON NEUTRAL-RED, BILE-SALT, 


LacrosE AGAR PLATES. 


‘“‘ Colon-like”’ White Enteri- 
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As before, a number of the colon-like colonies from 
the primary plates made from the Outer Skear mussels 
were subcultured. The results are given below in detail. 
It is evident that colonies 8, 9, 9, 10, 10, are not those of 
B. colt, while there are other four in which motility was 
not observed. Four colonies are those of typical B. colt. 
This is a lower proportion than was observed in the case 
of mussels taken from the skears higher up the Channel, 
and therefore nearer to the sewer outfalls. It is what 
one might expect to find. The contamination of the 
outer Heysham Skears is less than that of Baiting Knot 
and Ring-Hole. By the time that the sewage reaches the 
Heysham Skears it has become so greatly diluted that 
there is a much less chance of sewage bacteria being 
ingested by the shellfish. The percentage of microbes 
indubitably identified as B. coli is also less, an indication 
that the micro-organism undergoes some change as a 
result of its sojourn in sea-water, or perhaps perishes 
altogether. 


2nND ANALYSIS. 


REsvutts oF TERTIARY SUBCULTURES FROM PRIMARY 
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TERTIARY SUBCULTURES FROM BroTH INOCULATED WITH 
1 cc. WATER. 


Locality. ae Glucose. Lactose. Mannose. cee Milk. Motility. 
“Outre oni AP oi. AS wee BE ua BOO oe. Os peed 
Skear 
‘Baiting’ 2... ag .."a ede... 2S .. doe 
Knot” 


It was not possible at the time to make an exhaustive 
analysis of the sea-water in the vicinity of the skears, but 
several samples were collected and examined. Sterilised 
glass-stoppered bottles were filled with water from off 
Great-out Skear, from just over the main sewer outfall, 
from near Baiting Knot, and from Ring-Hole. In the 
cases of the outer skears, and Baiting Knot, only one 
culture was made from each sample. One cc. of the water 
was added to bile-salt broth and the latter was incubated. 
A reaction was then obtained and plates were made from 
the primary culture. Colonies supposed to be those of 
B. coli were then selected, and examined in pure sub- 
culture. In the case of the Baiting Knot sample the 
colony selected was B. colz, but in the case of the colony 
from the outer skear sample motility was not observed. 
The microbes present were therefore not typical Baczllus 
colt. 

In the case of the water sample from near the main 
sewer outfall, and from Ring-Hole, a number of dilutions 
were made, each ;4th less concentrated than the one 
immediately above. One cc. of the original or diluted 
liquid was put into a sterile Petri dish and neutral red 
agar at a temperature of 40°C. was poured in and allowed 
to solidify. After 48 hours’ incubation the plates were 
counted. A dozen plates were made. Only primary 
inoculations were made. In the case of the water from 
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near the main sewer outfall 350 colon-like colonies were 
counted on the plate made from 1 cc. The plates made 
from ‘O01 cc. and the lower dilutions were sterile. In the 
case of the Ring-Hole sample 19 colon-like colonies were 
counted in the plate made from 1 cc. and 5 from that 
made from 0:1 ce. The lower dilutions yielded sterile 
plates. : 

These observations do not go very far, but they just 
indicate that the dilution of the effluent and the crude 
sewage is so very great that the bacteria present become 
enormously dispersed through the sea. This is indeed 
what one might expect from a consideration of the 
topography and tidal currents of the locality. 

The results of these water analyses are shown on the 
following table :— 


BaAcTERIOLOGICAL ANALYSIS OF WATER SAMPLES. 


= 


Reaction in N@. OE Coleus 
Boealkt Amount TExIEeee like’’ Colonies 
y taken. Bec th on neutral-red 
: agar plates. 
Gi Great Out”... TAC 16), tee + 
Skear. 
Off “ Baiting-Knot” ... Icey: + 
“* Ring-Hole ” 2B HeGie.) <8. eas 19 
ao woe Oe. CM me vere soc 5 
o Pr OLONUC!Ge. nx: ... sterile 
Above Sewer Outfall ... TG: Cs. 1) 7. fen 350 


ms MOON, CiCsn Unis ... sterile 
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The Effect of the Septic Method of Treating 
Crude Sewage. 


A further question remains to be considered in 
relation to the contamination of the Morecambe mussel 
beds, viz., the extent to which the biological or septic 
method of purification reduces the numbers of pathogenic 
bacteria which may possibly be present in the crude 
sewage. It will be admitted that the fact that most of the 
Morecambe crude sewage passes through septic tanks 
before reaching the sea must have its influence on the 
interpretation of the bacteriological results. The question 
of the harmful effects of contamination of the mussels by 
the effluent from the main sewer outfall in fact turns to 
some extent on what really happens in the septic tanks. 
Does the putrefactive process taking place there lead to 
the elimination of pathogenic bacteria? ‘There are com- 
paratively few observations on this subject, and I may 
refer here to the principal results obtained. 

(1) Dr. A. C. Houston (Bacterial Treatment of Crude 
Sewage: Third Report: London County Council, No. 
501, 1900), inoculated small quantities of unsterilised 
Crossness crude sewage with various pathogenic bacteria. 
The cholera bacillus was employed in two experiments, 
and a number of these vibrios greatly in excess of the 
number of other micro-organisms present in the sewage 
was added to 10 cc. of the crude liquid. In one experiment 
the bacillus lost its vitality in less than a fortnight; and 
in the other experiment was found in the sewage for 
nearly four weeks. 

Tubes containing Crossness crude sewage were then 
inoculated with pure cultures of Bacillus prodigiosus. In 
one experiment the bacillus was not recognised in the 
liquid after sixteen days. Day by day the numbers of 
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this microbe decreased, showing that crude sewage was 
an unfavourable medium for its development. In the 
second experiment it remained alive for ten days, but 
was not discoverable afterwards. 

Staphylococcus pyogenes aureus, a pathogenic microbe 
occasionally present in raw sewage, was then experimented 
with. It was found that this organism could persist in crude 
sewage for at least thirty-eight days. After that time it 
was no longer recognisable. 

Houston’s conclusions from these experiments is that 
the pathogenic bacteria dealt with are capable of retaining 
their vitality in crude sewage for a considerable time. 
But he also points out “ that the number of the pathogenic 
germs added to the sewage in these experiments was vastly 
ereater that could conceivably take place under natural 
conditions, and that, notwithstanding the enormous 
numbers introduced, there was definite indication of a 
somewhat rapid decrease in their numbers.” (Lbzd. p. 75.) 

(2) MacConkey (Report Royal Commission on Sewage 
Disposal, 2 (cd.1178), 1902) determined the longevity of 
Bacillus typhosus in various sewage liquids, and found 
that this microbe did not find a suitable habitat in any of 
the liquids dealt with. Crude sewage was inoculated with 
the typhoid bacillus, and it was found that it died out 
rapidly. In one experiment it disappeared six days after 
the date of inoculation, and in another was not recognised 
after the lapse of thirteen days. Effluents from various 
septic purification processes were also employed, and it 
was found that these were even more inimical to the life 
of the bacillus than crude sewage. A portion of Cameron 
bed effluent (such as we have to deal with at Morecambe) 
was inoculated with typhoid bacilli to the extent of twelve 
millions per cc., and at the end of seven days the number 
of the bacilli had decreased to 200 per cc. MacConkey’s 
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conclusions may be given in his own words :-—‘“ The fluids 
experimented on are inimical to the growth of the Bacillus 
typhosus, and if these pathogenic bacteria find their way 
into a bacteriological system of treatment they meet with 
conditions hostile to their multiplication. We know that 
typhoid bacilli must find their way into the sewage from 
the excreta of persons suffering from typhoid fever, but 
they cannot be present in large numbers, and in the 
various samples of crude sewage which we have examined 
we have not found any. Therefore it may be concluded 
that, allowing that these bacilli reach biological beds or 
septic tanks, they are present in such small numbers, and 
the conditions are so adverse to their existence, that they 
will not survive the treatment.” 

(3) Boyce, MacConkey, Griinbaum and Hill (Report 
Royal Commission Sewage Disposal 2 (ed. 1178, 1902), 
p. 87, determined the rate at which the bacilli present in 
the effluents from various septic processes disappeared 
when the liquid was filtered through sand or earth. The 
effluent from a Dibdin bed was passed through four feet 
of earth, and while flowing on to this filter great numbers 
of typhoid bacilli were added to it, so that the liquid 
contained much greater quantities than could possibly 
have been the case in nature. Twenty-four hours after 
being added to the filter the typhoid germs could not be 
detected in the liquid flowing from the former. 

(4) These experiments are, however, rather artificial 
ones and perhaps greater weight is to be attached to an 
experiment made by Houston (Report Royal Commission 
Sewage Disposal, 4, Vol. 3 (ed. 1885), 1904, p. 77) with 
the object of determining to what extent pathogenic 
bacteria pass through septic tanks and filters. A Cameron 
tank and contact beds at Leeds were employed in 
these experiments. Enormous quantities of Bacllus 
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pyocyaneus (the microbe of green pus) were added to the 
sewage flowing into the septic tanks. The liquid in these 
was examined three hours after the inoculation and the 
microbe was then found. The effluent from the contact 
beds was then examined, and it was found that Baczllus 
pyocyaneus was present in it immediately after the first 
emptying of the beds. Therefore, the Cameron method 
of treating sewage did not eliminate these particular 
microbes. It ought, however, to be remembered that they 
were present in the original sewage to a relatively 
enormous extent, and that results obtained from their use 
do not necessarily apply to the typhoid bacillus. 

The conclusion of the Royal Commissioners on 
Sewage Disposal (Report 4, Vol. I (cd. 1883), 1904, p. xx) 
on this question may usefully be quoted here. “ The 
treatment of sewage,” they say, “according to methods 
at present in use, cannot be relied upon so to alter its 
character as to allow of its discharge in the immediate 
neighbourhood of shellfish layings without incurring 
considerable risks of disease being communicated by the 
consumption of shellfish taken from such layings. In 
such cases the sewer outfall must be removed or the layings 
closed. In other cases where (e.g.) the layings are at a 
considerable distance from the outfall, and the sewage 
would be largely diluted before reaching them, treatment 
of the sewage might be of value in diminishing risk.” 

In the case of the Morecambe mussel beds we have 
seen that this latter condition is satisfied in so far as the 
main sewer outfall is concerned. Given good administra- 
tion, and supposing that the taking of shellfish from the 
immediate neighbourhood of the outfall is not practised, 
then it appears that this enormous dilution of the effluent 
does take place. Danger (if such exists) is to be appre- 
hended from the continued existence of the discharge of 
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crude sewage from the old outfall sewers. I am assured 
that it is the intention of the Borough Council gradually 
to connect up the private sewers opening into these main 
outfalls with the main sewerage system. Already the 
Queen Street and Calton Terrace sewer systems are in 
hand, and soon these will be discontinued. There remain 
then the Midland, Thornton Road and Bare sewer systems. 
These deliver the sewage from property equivalent to 
about 200 houses, say 1,000 persons, less than 10 per cent. 
of the estimated population. This sewage is not included 
in the present purification systems. When it is ultimately 
so included, there is no doubt that the present degree of 
risk would be largely minimised, perhaps practically 
removed. | 


3.—REPORT ON AN EXAMINATION OF THE MussEL BEDS 
IN THE ESTUARY OF THE Conway. 


On August 15th, 1906, a preliminary report was made 
to the Scientific Sub-Committee on a bacteriological 
analysis of two samples of mussels sent to me from the 
estuary of the Conway. It was, however, considered 
desirable that a more exhaustive analysis and 
inspection should be made, and on October 
17th Dr. Jenkins and I visited Conway for the 
purpose of seeing the mussel beds. We _ were 
accompanied by Dr. Fraser, Medical Officer of Health for 
the Carnarvon Combined Sanitary Districts, Professor 
White, of Bangor University College, and Mr. R. Jones, 
the Fishery Officer in charge of the District. On this 
occasion we saw most of the sewer outfalls, and also 
collected samples of mussels from various places, where 
men and women were working. Samples of water from 
the river were also taken. It was found impossible to 
finish the inspection on that day, and on October 26th 
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Mr. A. Scott and I landed from the “John Fell,” met 
Mr. R. Jones, and saw the remainder of the sewer outfalls, 
and took further samples of mussels and sea-water. 
Finally, on October 30th, I visited Llandudno and saw 
the sewer outfalls there. I am obliged to Mr. Delamotte, 
Surveyor for the Borough of Conway, and to Mr. W. 
Little, Sanitary Inspector for Llandudno, for much 
assistance with regard to the inspection of the sewer 
outfalls. 

The results of these visits, and those of the analyses 
made, show, I think, that there is some considerable 
degree of pollution in the mussels of the Conway Estuary, 
both from the river between the Bridges and Deganwy 
and from the Scars below the latter locality. The 
pollution is not excessive, and is far less than that found 
in mussels from some other places in the Lancashire and 
Western Sea-Fisheries District, as, for instance, Hgremont 
in the Mersey; though it is greater than in some other 
mussel areas, as for instance, Morecambe. The area over 
which the mussel beds and the sewer outfalls are distri- 
buted is a comparatively small one, and the pollution is 
from crude sewage and is of recent origin. It is probable, 
then, that even the limited degree of contamination of 
these shellfish, which has been observed, is of some 
significance. 

I do not think that, on the present evidence, the 
pollution can be regarded as so dangerous as to necessitate 
drastic measures. To justify interference with this 
particular industry, topographical and bacteriological 
evidence, indicating more serious pollution, would be 
required. It is also an insufficient statement merely to 
say that mussels derived from (say) the estuary of the 
Conway had produced enteric fever in (say) Manchester. 
All other possibilities of contamination between the date 
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of gathering from the mussel beds and that of consump- 
tion would have to be excluded. It is well known that 
mussels are sometimes kept by the dealers for a consider- 
able time before being sold. Thus an enquiry into a case 
of ptomaine poisoning in Liverpool some years ago showed 
that an interval of seven days had elapsed between the 
dates of gathering and collection, and nine days between 
gathering and the death of the person consuming the 
mussels. In the course of a period of this duration, or 
even of less, the possibility of contamination of mussels, 
from sources other than the natural habitat of the shell- 
fish, must be a very real one. Such extraneous contamina- 
tion is all the more possible when the mussels are stocked 
by the lower class of dealers. 

It may reasonably be urged, however, that the amount 
of pollution of the Conway mussels is such as to make it 
most desirable that some measures should be taken to 
reduce the contamination of the River Conway—and, 
consequently, of the mussels there—as far as is possible. 
It will be seen that seven sewers open into the river within a 
very limited area, and these do not represent all the 
contributing sources of pollution. In the construction of 
the existing Conway sewerage systems, as in that of many 
other sea-side towns, the nearest and most convenient 
point of discharge into tidal waters has been chosen, 
without much regard to the possibility of fouling either 
shellfish beds or foreshore. At Conway the sewage is 
crude, it flows continuously into the river and in some 
cases spreads itself over sand or mud flats, producing 
some contamination of these. Without venturing to 
express aN opinion on points of sanitary engineering, I 
think it might be quite practicable to take steps which 
would do away with much of the evil effects of the present 
sewerage system. The Conway mussel industry is one of 
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great importance. This will be seen from the following 
statement supplied by Dr. Jenkins : — 


Return of mussels landed at Conway during part 
of the year 1906 :— 


Month. Amount. Value. 
Cwts. & 
January sie 2520 60 3024 
February oes 1948 boc 234 
March be 1267 ims 137 
April to August ... a — (close season) 
September bes 3800 a 0 
October ... e 5820 nae 730 


A number of bags of mussels were lying on the beach, 
packed for export, on the occasion of our first visit. These 
were consigned to Manchester, Leeds, Huddersfield, 
Halifax and Nottingham. 

The price obtained by the fishermen varies from 2s. to 
4s. per cwt. Men and women are employed. The men 
usually fish from open boats by means of the long rake. 
The women gather the mussels from the scars by hand. I 
am informed that many of the women are employed by a 
local fisherman, who pays them ls. 3d. per bag, for the 
mussels obtained. 

A considerable revenue is thus yielded by the mussel 
beds in the Conway river, and it is not unreasonable to 
suggest that some public expenditure on an improved 
system of sewage disposal is the duty of the local authority 
and would be justified in its results. 

It has been suggested to me by Mr. Delamotte that 
a portion of the river might be closed by co-operation with 
the Harbour Authority. It is true that the contamination 
is pretty general and affects not only the mussels in the 
river near the Bridge, but also those in the Channel below 
Deganwy. But the prohibition of taking mussels from the 
former locality would at least exclude those shellfish 
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which are most exposed to sewage pollution. If such 
action should be decided upon, marks delimiting the 
proposed closed area could easily be selected. By far the 
greater portion of the mussels sent to the markets are 
taken from below Deganwy, and the closing of the upper 
beds would not be a real hardship. 


The Conway Sewerage System. 


The positions of the principal sewers are shown on 
the sketch chart (reduced from one marked by Mr. 
Delamotte). Seven outfall sewers open into the Conway 
river between Llandudno Junction and the Ferry. Nos. I. 
and II. discharge the sewage produced in Conway itself. 
Nos. III. and IV. supply a small group of houses, 
including the Conway Union Workhouse, at Morfa, 
opening into a small stream which flows over a mud flat, © 
and opens into the channel at Bodlondeb Point. On the 
Deganwy side there are two sewer outfalls. No. V. is 
situated to the North of the Pier. This outfall formerly 
terminated some distance above low-water mark, and, as 
it was producing a nuisance, Dr. Fraser recommended that 
the pipe should be carried further into the channel, and 
this has now been done. No. VI. serves Tywyn and opens 
on the sands some distance above low-water mark. At its 
extremity the sands are rather foul. No. VII. serves the 
neighbourhood of Llandudno Junction. It is a large and 
fairly important outfall, which opens into a little stream 
which runs over the mud flat South of the London & North 
Western embankment, and opens into the _ river 
immediately above the Bridge. It is carried down some 
distance from the shore, but terminates far above low- 
water mark. The stream itself is very foul, and the mud 
on either side of it is not much better. The mud is very 
soft, and immediately beneath the surface is black and 
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smells badly. I should compare this deposit with the 
sludge in a sewage purification tank—in kind only; 
of course it is not nearly so foul. No doubt it 
has become thoroughly permeated with sewage 
which is there undergoing putrefactive purification, 
with an accompanying deposition of the amorphous 
black substance which forms the sludge of a 
septic tank, and with the liberation of sulphuretted 
hydrogen, and perhaps marsh gas. Both sewage paper 
and faecal matter were very much in evidence in this 
stream and on its banks. Of course, this outfall and area 
are at some distance from the larger mussel beds, but it 
must contribute to the pollution of the rivers.* 

In addition to these sources of contamination there 
must be others further up the Conway river. The sewage 
of some of the villages in the neighbourhood, such as 
Llanrwst, Glan Conway and Bettws-y-Coed, must be 
discharged into the upper reaches of the Conway, and no 
doubt contribute notably to the pollution of the latter. 

The sewers I have referred to all convey crude sewage 
and discharge continuously into the river. It is true that 
tidal flap valves are fixed at their ends, but I question 
whether these fixtures can generally act in preventing the 
flow of liquid from the pipes when the latter are covered 
by the flood tide. In some cases the flaps were certainly 
choked by debris of various kinds and could not have 
closed. At any rate, the sewers discharge through the 
period of ebb tide and for a considerable part of the flood, 
since their outfalls are mostly well above low-water mark. 
It is especially near the time of low water, when the 
volume of the river is small, that the latter becomes 

* It will be seen from the Chart that the short stream conveying 

this sewage into the Conway opens into the latter immediately above 


the bridge. Mussels are taken from just this part of the river—in 
fact almost opposite the mouth of the stream referred to. 
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polluted. For an hour before low water the sewage 
probably does not pass out to sea and must be 
carried up the river with the next flood. A considerable 
volume of polluted water must then simply oscillate 
up and down the upper reaches of the river, and some of 
it must pass out on every tide over the mussels at the 
mouth of the channel. 

The population of the Borough of Conway is about 
0,000. ‘Taking the usual constant of water supply of 25 
gallons per head for 24 hours, we find that 125,000 gallons 
of crude sewage is discharged per 24 hours—an estimate 
which does not include the contribution from the popula- 
tion further up the river. 

It was suggested to us during our first visit that the 
sewage from Llandudno might possibly affect the Conway 
area. At Llandudno there are three outfall sewers which 
open out on the foreshore to the South of Great Orme’s 
Head. ‘Two of these outfalls discharge rain and surface 
land water, and need not be considered. The third conveys 
the sewage of Llandudno. It consists of two iron pipes 
which pass out over the sands, supported on piles, to a 
buoy which is at low-water mark of ordinary tides. These 
two pipes are connected and have a single outfall. They 
are shown on the Admiralty Chart (Holyhead to Liverpool 
—Western Sheet), but I am informed that about two 
years ago the lower end of the pipe became sanded up, 
and about 150 yards were added to the length. When I 
saw this outfall there were absolutely no indications of 
sewage matters on the foreshore as far down the length of - 
the pipe as we could go. Automatic valves at the end of 
the pipe and at the penstock chamber at the beach end 
open and close when the tide turns, not merely when the 
end of the pipe is bared or covered, but when the stream 
changes. The sewage is thus discharged only on the ebb 
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tide. To accommodate the flow when the valve is closed, 
underground tanks, or culverts, have been constructed, 
which contain the sewage while the flood tide lasts. 
Whenever the state of the tide permits, these culverts are 
regularly scoured by men to prevent the accumulation of 
sludge. The tide, on the ebb, sets round Great Orme’s 
Head and out to sea, and the sewage is carried 
in this direction. Mr. Little, Sanitary Inspector of 
Llandudno, informs me that this course of the sewage can 
actually be traced by observing the oily-looking appear- 
ance of the water as it rises to the surface. The 
Llandudno sewerage system appears to be remarkably 
well designed. Of course it might be treated, but 
in this case the necessity is not so strong. I do not 
think, therefore, that it can reach Conway Estuary unless 
very exceptionally, as, for instance, on the very last of 
the ebb and with the driving force of a strong N.W. wind. 
In any case, the dilution on the flowing tide would be so 
enormous that appreciable pollution at Deganwy could 
hardly occur as the result of Llandudno sewage. 

The estimated population of Llandudno is about 
10,500, and, taking the water supply as 20 gallons per 
head, the daily discharge of sewage is about 262,500 
gallons. The sewage is untreated. 


Bacteriological Analyses. 


The methods followed were similar to those employed 
in the analyses of the Morecambe mussels, except that in 
the case of the Conway mussel a period of 20 hours only 
elapsed between the inoculation and counting of the 
primary plates; this because of the rapid growth of the 
colonies. ‘he samples were brought back to Liverpool 
late at night and kept in ice for about 12 hours, when 
they were examined. 


~ 
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Two separate series of analyses were made. The 
results of the first (mussels and water collected about 
4 p.m., 17th October, 1906), are as follows : — 


lst ANALYSIS. 


Primary CuLTuREsS oN NEuTRAL-RED, BILE-satt, LactosE 
AGAR PLATEs. 


White Enteritidis 


Locality. Mussel. No. of Colon-like Colonies. Colonies. reaction. 
Middle of a a ee aa OEE 
River below... 2 ... 28, 1 large batch ... 0 
Bridge 3... 30, 1 long streak ... 0 — 
LSS AO 0 
Off Deganwy 5 ... 16 and general 0 a 
just below fusion 
Pier seh hlO'ep Seale set 5. ieee 
7... 15and general ... O | ..»aheaie 
fusion 
8. ...{20and 2 lone, -.. 1 strealeeee 
streaks 
Well below ... 9 ... 45, some fusions ... eee = 
Deganwy *_..1)) 10)... ol ... 1 patehiere 
DI Resists) sos QO. ae 
12) heh =i O} -wptene 
Opposite Perch... 13 ... 28 (not so | ae 0 
in Channel ... typical) 
[a 4: .- | Patehees a 
15... Numerousand ... O° Wee 
fused 
16-7729 be 0 


In the case of Mussel 3, the milk tube was discoloured. 


Fourteen of these colonies identified as “ colon-like ”’ 
were then examined further in pure subculture, with the 
following results : — 
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ReEsvuuts oF TERTIARY SUBCULTURES FROM PRIMARY 


PLATES. 


Mussel. Bile-salt. Glucose. lactose. Mannose. Cane sugar. Milk. Motility. 


Am OO as oa BOL all Le od a. 
2 aha. Ep Oe eer ean Sue ey Oe sub Omir. Wn CP 2) geo 
3 SEPM a Odte Carers aS ae ot ae 2. te 
4 cee Caner ange a Cons en ORN A skr Ci). «55 toate 
5 Zs. con EORAS Aan 2) neem Cer ge ers: 
6 Cmrrnar Ol Ole mo) die Oa de OE 
Solar 2 308) Bb ECR Ou tery oc To eee ine: ama RE Peo 
8 % © soo POV IE Goo Wyte wen ache aeen omit lit ose Ar Sit: al CMAP 
9 ECM PO CAN a8 PP A a a -+ 
9 CeOMEE ants Ot Ores acai d.s Or vesea Bier sc.e 9 == 
10 emer ep aL Oe 27 AiO es, AO senda O) soe BiC! -. aN aa 
bt Bi (clot WESTER rere Reta). allege Beem Oe: Det Sa leg On eat: ol © Rm 
11 AEM Ay Ser md O! pe Wee a sel a ed O see he 
12 acGemnve a Oo ta Bee a Bea a Oe! ae 


Of these colonies 1, 5, 6, 7, 8 and 9 are not those of 
B. coli. But eight give the reactions which I associate 
with the typical colon bacillus. 
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2ND ANALYSIS. 


On this occasion only one sample of mussels was 
collected. The boats were working down below Deganwy 
and we obtained a freshly raked sample from one of them. 
Ten mussels were examined as before, with the following 


results : — 
Mussel. No. of ‘‘ colon-like ”’ No. of white Enteritidis 
colonies. colonies. reaction. 
De 29, larse patch Bad 0 se 
2 ... 62, several patches... 0 * 
3... 51, large fused patch ... 0 wet 
4 5 4 ... 17, several 
patches 
Sy .. gag! OO) I soenielal 2 a 
dog dy), I jornieln ] 
7 . 41, several patches 0 + 
8 . 48, some fused 0 
streaks 
9  ... 22, several patches 0 -- 
10__.... 34, several large 0 
patches 


Subcultures of these colonies gave the following 
results : — 


2nD ANALYSIS. 


REsvuuts oF TERTIARY SUBCULTURES FROM PRIMARY 
PLATES. 


Mussel. Bile-salt. Glucose. Lactose. Mannose. Cane sugar. Milk. Motility. 


BOO ars filha Bl rane hci ta Gtk Beek: 2 aCe 
Zeek) BS cus ORO. 2. JOUS <day Ol Siaed. eg Ouy hanya eee 
3 «oe BE uc BE. AO 4. AG 22. 1 500 Oi Cee 
4 , a a O a a a . + 
ie a Meaionre <6 O O O et 
Ona 2 ra a: ag O, ise GiCe Geen 
ie a Be “Sate a a » &C Seems 
Sepa s iO sag ae ag O° as0 GC: eam 
10° eae Oe dens Ee ag Bo nosis) 20) Cae 
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The colony from mussel 4 was a typical white colony. 
Those from mussels 5 and 7 were “ colon-like”’ colonies. 
Those from mussels 1, 2, 3, 6, 8 and 10 are typical colon 
bacilli. The others are not this microbe. Six colonies 
out of nine are therefore Bacillus colt. The white colonies 
on these and the next series of plates are being studied 
further. 


SEA-WATER ANALYSES. 


On our first visit two samples of water were taken: 
one from off the Scar opposite the beach and the other 
from near the Bridge. These were diluted so that various 
solutions of different strengths were obtained, and cultures 
were made in neutral-red, bile-salt, lactose agar. The 
results are as follows :— 

Amount of 


original water 
sample taken. 


No. of colon- 
like colonies. 


sere: we 16 

Off Scar, opposite Opec: a i 

Perch O:Ol ich. ise: 1 
0-001 ¢.c. ... sterile 

. ete: a 19 

0-1 c.c. we 2 
Near Bridge O:Oilseice o... sterile 
O00Kecy =. Sterile 


On our second visit three samples of water were 
taken: one from below Deganwy, one from off Bodlondeb 
Point, and one from opposite Conway. The samples were 
collected in 500 cc. bottles. One cc. was taken from near 
the top of each bottle, and 1 cc. from the bottom layer. 
These were examined as before, with the following results: 
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Source. No. of colon-like 
colonies in 1 cc. 


Below Deganwy ses 6 
, ~ 5 

Off Bodlondeb Point ee 31 
» a niais 23 
Channel, opposite Conway ... 17 
; 63 


99 9? 


Photographs of these Plates are shown in Pl. IIT. 


These water analyses show some considerable general 
pollution of the river and channel. The first series was 
taken about low water of a spring tide and the pollution 
at Deganwy is noticeable. There is practically no 
difference in the bacteriological condition of the water at 
the Bridge and far down the river. This, I take it, is 
because of the rapid tidal stream which has thoroughly 
mixed up the water in the river. In the second analysis, 
however, we see a considerable difference in the degree of 
contamination of the river water. The nearer the Bridge 
the greater is the contamination. These samples were 
taken about an hour before low water on a neap tide, when 
the velocity of the stream in the river was not so great as 
on the previous occasion. 

It would, of course, be desirable to carry these 
investigations of the pollution of the river water by 
sewage bacteria much further than has been possible on 
these occasions. But so far as they go they indicate the 
pollution of the river water from above. They also show, 
I think, an undesirable amount of sewage bacteria in the 
water of the river. 
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4.—Awnatysis oF MussELS FROM ROOSEBECK 
INNER SCAR. 


On 28th November, 1906, Mr. A. Scott sent mea 
sample of mussels from Roosebeck Inner Scar, near Piel, 
Barrow-in-Furness. At the time of collection the scar 
was being fished by a few men to the extent of about 

“60 bags per month. It is of little importance as a source 
of supply for the public markets, as it is a small 
scar and is only occasionally fished. But its position is 
such as would justify one in stating that the shellfish 
contained on it are reasonably free from pollution. In 
these circumstances we thought it might be interesting to 
make a preliminary analysis. 

Ten mussels were examined in the usual way and 
with all necessary precautions. The results are as 
follows :— 


REsuutTS OF Primary CULTURES ON NeEutTRAL-RED 
AGAR PLATES. 


Meee Colon-like © Colonies. White Enteritidis 


Colonies. reaction. 

1 20, several patches ... 0 ot 

2 45, several patches 0 -- 

3 9 0 -|- 

“ 9 0 4. 

5 2 0 +. 

6 24, several patches 0 + 

7 28 0 oe 

8 13 0 -- 
aks: 3 (Oa + 
10 9 0 ... No change. 


Ten of these ‘‘ colon-like ” colonies were then selected 
and cultivated on ordinary nutrient agar, and then 
tertiary sub-cultures were made. The results of these 
latter sub-cultures are :—— 
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ReEsvuuts oF TERTIARY SUB-CULTURES. 


Mussel. Bile-salt. Glucose. Lactose. Mannose. Cane Sugar. Milk. 
bow @8 1... Gag eae .2ocagviiee BOs 
2 & Bo a6 (aes oe tags e:. Uae Ae ac 
3 AS j.3)) Sass fa Se -2 a Shee ac 
Be coe (POG. EOE Sa 18 Gea ee ac 
D mitt Or Bee\ (pL SSE By mead Pee a 
6 aS 3.2 98,8) fon (8.8 dayne Oh ac 
8 Vi ose AA et BEAN ata ac 
DOE | A One Oe. ao ae arora ac 
IO) 2s (782 Ge eS oe. PC, ee ac 
107 35. RS eae ey ya S ee a oe ac 


All these colonies, except Nos. 1 and 5, are, therefore, 
those produced by Baczllus coli, or by a very closely allied 
organism. 

Conciusion.—The results indicate a certain degree of 
sewage pollution. This is, indeed, slight—-so slight as to be 
certainly insufficient to justify any degree of interference 
with the local industry, unless other evidence were forth- 
coming which might render these bacteriological results 
of significance. Now it is here that one might expect 
freedom from sewage contamination. There are only two 
neighbouring towns, Barrow and Ulverston, the influence 
of which need be considered, and the situation of these 
places with respect to Roosebeck Scars is not such as to 
lead us to expect serious pollution of the latter, especially 
when the direction of the tidal streams is considered. 
Nevertheless, sewage bacteria are carried to the mussels. 
I can only suggest that the sea all along the coast of 
Lancashire is generally slightly polluted with sewage 
matters, and that it is this general pollution of the sea 
water which is the cause of the contamination in cases 
like the present one. 

To what extent does the sea contain sewage bacteria ? 
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Investigations have not, so far, been made in the Irish 
Sea, and we have thus no means of ascertaining how far 
the pollution in any specific case is due to this supposed 
general contamination. It is because one is unable 
precisely to separate the effects of this general (and 
probably harmless) contamination from local and always 
- potentially dangerous pollution that there must frequently 
be difficulty in interpreting such results as this analysis 
gives. A thorough examination of the distribution of 
colon bacilli in the coastal waters of Lancashire would 
undoubtedly be of practical value. 


370 TRANSACTIONS LIVERPOOL BIOLOGICAL SOCIETY. 


EXPLANATION OF PLATE AND CHARTS. 


Chart V.—Chart of the sea near Morecambe, shewing 
mussel beds and sewers. 


Chart VI—Similar chart of the Conway Estuary. 


Plate X,— Three cultures made by inoculating 
1 c.c. of river water in neutral red, bile-salt lactose agar. 
Photograph by A. Scott, shghtly reduced. 
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No. XV. ANTEDON. 


BY 


HERBERT C. CHADWICK, 


Curator of the Port Erin Biological Station, Hon. Lecturer in Marine 
Biology in the University of Liverpool. 


ANTEDON BIFIDA, Pennant (=Comatula rosacea, 
Linck, of Forbes and other authors), is the most familiar 
example of the Class CrinoipEa found in British seas. Of 
the six species of the genus recognised as British, five 
appear to be confined to the deeper waters of our seas, but 

A. bifida has been recorded from depths of a few fathoms 
only at many points around our coasts. In the L.M.B.C. 
district it occurs in large numbers off Cemmaes Bay, North 
Anglesey, at a depth of 10 fathoms, and also off Bull 
Bay. It is abundant around the South end of the Isle of 
Man, and is often found clinging by means of its cirri to 
the wicker creels used by fishermen for the capture of 
lobsters and crabs. The fishermen state that specimens 
are always more numerous on the creels after stormy 
weather. 

With abundant aeration and a moderate amount of 
light, Antedon may be kept under observation in tanks 
for months. It is not usually an active animal. By 
means of its cirri it clings tenaciously to-stones, alge, 
hydroids, &c., the arms being widely spread horizontally 
with the tips more or less flexed towards the disc (PI. I., 
fig: 1). When disturbed it swims actively and with 
strikingly graceful movement, the two arms of each pair 
being invariably flexed and extended alternately (Pl. I., 

Z 
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fig. 2). The colour of Antedon is very variable. Some 
specimens are of a deep reddish purple, uniformly 
distributed over both disc and arms, but the majority are 
clouded and spotted with rose, orange, and yellow tints. 
The colouring matter is highly soluble in fresh water, 
alcohol, and glycerine, but not in ether. Its properties in 
Antedon bifida and other species of the genus have 
been described by Moseley (1), Krukenberg (2), and 
MacMunn (8), to whose papers the reader is referred.* 


EXTERNAL CHARACTERS. 


Antedon is composed of a central disc and five pairs 
of long and flexible arms fringed with pinnules (Pl. L., 
fig. 2). The disc consists of a shallow cup or calyx, 
composed of a number of calcareous plates firmly articu- 
lated together, and a lenticular visceral mass, lodged 
within the cavity of the calyx, and containing the central 
parts of the ambulacral, nervous, and vascular systems in 
addition to the alimentary canal. A number of jointed 
appendages called cirri, each terminating in a claw, are 
attached to the sloping sides of the central plate of the 
calyx (Pl. I., fig. 3, cz.). The opposite face of the disc 1s 
the “tegmen calycis” (PI. II., fig. 24, tg.cl.). Near its 
centre is the mouth (méh.), surrounded by five shghtly 
elevated valvular folds (Pl. II., fig. 28, v.f.). The tegmen 
calycis is traversed by five ambulacral grooves, fringed 
with delicate tentacles (Pl. II., fig. 24, amb. gr.), which 
radiate from the mouth to the edge of the disc and there 
bifurcate to enter and traverse the entire length of the 
ten arms and all their pinnules except the first or 
proximal one (fig. 24). In one of the five interradial 


* The black numerals in brackets refer to the list of references 
given at the end (p. 410). 
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portions into which the tegmen calycis is divided by the 
ambulacral grooves there is a conical projection, the anal 
funnel (Pl. II., fig. 24, an. fl.), at the apex of which the 
anus (an.) is situated. ‘The margin of the anal aperture 
bears minute papille. With the aid of a good lens a 
number of minute pores may be detected in the tegmen 
ealycis. These are the external apertures of the ciliated 
funnels of the water vascular system. 

Orientation— When Antedon is at rest with the 
mouth directed upwards and the anal interradius nearest 
to the observer, it is customary to call the opposite radius 
anterior. The four remaining radii are thus right 
anterior, right posterior, left posterior, and left anterior. 
In correspondence with this designation of the radu 
the interradi are called right anterior, right postero- 
lateral, posterior (or anal), left postero-lateral and left 
anterior respectively. To maintain this orientation when 
the animal is viewed from the aboral surface the posterior 
(anal) interradius must be turned away from the observer. 


THE SKELETON. 


The skeleton of the calyx 1s composed of a centro- 
foteieplate (Pl. I, fie. 3; Pl. V., fig. 02; Pl. VI., fig. 59, 
ent. dr.), to the convex aboral surface of which the cirri 
are articulated; five radial plates (Pl. V., fig. 52; Pl. VI., 
_ fig. 59, rd.), which form a pentagon and rest upon the 
plane oral surface of the centro-dorsal; and five basal 
plates which are fused together to form a single plate, the 
een 1. fies 17 and 18; Pl. V., fig. 52; -Pl. VL, 
fig. 59, ros.), which roofs over a bowl-shaped cavity in the 
centro-dorsal (Pl. I., fig. 19). To these must be added, as 
contributing to the support of the visceral mass, the two 
most proximal joints of the arms, called respectively the 


first and second primibrachials (Pl. I., fig. 3; Pl. V., 
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fig. 52; Pl. VI., fig. 59, pmb. 1 and pmb. 2). The latter 
joint is axillary, and supports, in each radius, two long 
series of secundibrachials (Pl. I., fig. 3, sec.), which form 
the skeletons of the five pairs of arms, and to these the 
much shorter series of joints which support the pinnules 
are articulated. 

Several specimens of Antedon with only eight arms 
have been observed by the writer, and one with twelve was 
described by Dendy (4). The eight-armed condition results 
from the absence of one of the radii, while the two extra 
arms of the twelve-armed specimen resulted from the 
bifurcation of two of the normal ones. In each of these 
the second secundibrachial became an axillary, similar to 
the second primibrachials, and of which each facet bore 
the long series of, in this case tertibrachial, joints forming 
the arms. In many species of Antedon one or both facets 
of the primibrachial axillary bear a series of two or three 
secundibrachial joints, the second or third of which is an 
axillary, and may in turn bear two or three tertibrachial 
joints, the second or third of which is also an axillary. 
In this way the large number of arms borne by 
many tropical species arise. All the skeletal plates are 
composed of more or less densely reticulate calcareous 
matter, to which the name “stereom”’ has been given. 
This reticulate structure may be seen in its simplest form 
in the skeletal plates of the larva (Pl. VI., figs. 66, 67, and 
69), in which the reticulations are all in one plane, but in 
the much more massive plates of the adult they form a 
sort of sponge work, the meshes of which vary in shape 
and size even in the same plate. 

The Centro-dorsal Plate—The form of this plate 
(Pl. I., figs. 3 and 19) resembles that of a shallow bowl. 
It is of considerable thickness; and its outer margin, as 
well as that which bounds and slightly overhangs the 
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comparatively small cavity, is pentagonal, with rounded 
and slightly upturned angles (fig. 19). In the peripheral - 
portion of the bottom of the cavity may be seen the 
inner ends of a number of minute canals, through which 
mewmencocoss pass to the cirri (Pl. V., fig. 02; Pl. VL., 
fig. 59). The central portion of the aboral face of the 
plate is flat or only slightly convex (Pl. L., fig. 20). The 
peripheral portion is wholly occupied by a number of 
sockets for the articulation of the cirri. Those which 
border the flattened central portion of the plate have a 
nearly circular outline, while the more peripheral ones 
become more or less angular, owing to close approxima- 
tion. At the bottom of each socket there is a minute 
papiullform elevation, perforated in its centre by the 
external opening of one of the canals already mentioned. 
The oral face of the plate is nearly flat. Shallow grooves 
traverse it at the interradial angles from the periphery to 
the margin of the cavity, marking it out into five equal 
and radial segments (fig. 19). 

The Cirri.—These vary in number from twenty to 
Meamytoriy. Hach cirrus (Pl. I1., fig. 3; Pl. III., fig. 38) 
is composed of from ten to eighteen calcareous joints, the 
terminal one being in the form of a claw, immovably 
articulated with the penultimate joint. The proximal 
and next succeeding joints are cylindrical and shorter 
than the remainder, which are compressed from side to 
side and slightly constricted about the middle of their 
length, the latter character becoming less marked, almost 
to disappearance, in the terminal joints. A minute canal, 
continuous with one of the canals of the centro-dorsal 
plate, traverses the whole series of joints and ends 
blindly in the terminal claw (fig. 38, ax.cn.). All the 
joints, except the penultimate and terminal ones, are 
united by elastic hgaments, and the interarticular spaces 
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between the joints are widest on the side nearest the 
vertical axis of the animal, towards which the whole 
cirrus is always more or less flexed. 

Radial Plates.— These plates (Pl. V., fig. 52; Pl. VL., 
figs. 56 and 59, rd.), closely adhering to each other by 
their lateral faces and together forming a well marked 
pentagon, are also adherent by their aboral faces 
(figs. 52 and 59) to the oral face of the centro-dorsal plate. 
Kach radial plate is of triangular form. Its slightly 
truncated apex, forming the internal face of the plate 
(Pl. I., fig. 4), is turned towards the vertical axis of the 
animal, its base forms one of the sides of the radial 
pentagon, while its lateral faces are in close contact with 
its fellows on either side. The lateral faces are flat, and 
each presents a fairly large aperture in the angle 
formed by the aboral and internal faces (fig. 6). Two 
apertures of slightly larger size appear in the latter face, 
which is small and irregular (fig. 4). The external 
face (fig 5) presents an oval aperture in the middle 
of its width, and a well marked transverse ridge divides 
this face into upper and lower portions. The former is 
divided into two pairs of fossee by an incomplete transverse 
ridge and the continuation of two converging ridges, which 
are more conspicuous on the oral face of the plate (fig. 7). 
The upper, deeper pair lodge the proximal ends of the 
powerful flexor muscles, while the lower, shallow pair 
afford attachment for the proximal ends of the inter- 
articular ligaments. The lower (aboral) portion of this 
face is occupied by a single fossa which lodges the 
proximal ends of an elastic extensor hgament. The 
oral face of the plate presents two curved ridges (fig. 7), 
the shorter ends of which approach each other along 
the median line and form the median edges of the pair 
of fossee which lodge the flexor muscles. The apertures 
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on the external, internal, and lateral faces of the radial 
plates belong to a system of canals which radiate from 
the central funnel-like space enclosed by the five plates, 
and also form an annulus around it. These canals lodge 
the radial cords and commissures of the apical nervous 
system, and their courses will be more readily understood 
in relation to that system. 

The Rosette.—This plate (Pl. I. figs. 17 and 18) 
assumes the form of a disc with a circular aperture in the 
centre, and a margin divided by deep clefts into ten 
radiating processes. Of the latter, five are triangular and 
le in nearly the same horizontal plane as the disc 
(fig. 8); whilst the alternating five have nearly parallel 
margins, which are inflected in such a way as to form a 
shallow groove, the whole process being markedly reflected 
in the direction of the centro-dorsal plate. The exact 
form of the rosette can only be made out after dissociation 
from the radial pentagon by maceration in a solution of 
caustic potash. When in situ it almost completely shuts 
off the funnel-shaped cavity enclosed by the five radials 
from the cavity of the centro-dorsal plate, the circular 
aperture in its centre being the only communication 
eeyewde. 02; Pl. V1., fig. 59). The five triangular 
processes are interradial, that is to say, they are directed 
towards the sutures between the radials; the alternating 
processes are radial, and abut upon the axial faces of the 
radials, from which also a number of irregular calcareous 
outgrowths pass to the oral face of the rosette (Pl. VI., 
fig. 59). 

First Primibrachial Plates.—Hach of these is an 
ellipsoid disc-like plate of moderate thickness (Pl. L., 
fig. 3, pmb. 1; figs. 8 and 9), having two nearly parallel 
faces, of which the inner, or axial, has much the larger 
area (fig. 8), and articulates with the outer, or 
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abaxial, face of the corresponding radial. ‘he axial face 
is divided transversely by a well-marked ridge into two 
portions of unequal size. The larger portion is on the 
oral, or upper, side of the ridge, and is sub-divided by a 
median vertical and two oblique and less prominent ridges 
into two pairs of fossee, of which the upper pair are the 
deeper. The smaller portion of the face is on the aboral, 
or lower, side of the ridge, and is wholly occupied by a 
broad and deep fossa. At the point of intersection of the 
transverse, vertical, and oblique ridges is the oval opening 
of a canal which traverses the plate from face to 
face. The smaller abaxial face (fig. 9) is of simpler 
character, and presents only one pair of fosse, divided by 
a vertical ridge which passes round the opening of the 
above-mentioned canal, and at its upper, or oral, end is 
continuous with a shghtly raised margin, which bounds 
the fossee above. The oral margin of the plate presents a 
well-marked notch when viewed from this face. 

Second Primibrachial Plates.—These plates resemble 
the radials in general form (PI. 1., fig. 3, pmb. 2; figs. 10 
and 11). Hach one presents a triangular figure when 
viewed from above or below, and has three articular faces. 
Of these, the axial closely resembles the abaxial face of 
the first primibrachial, with which it is articulated, having 
a single pair of lateral fossee divided by a vertical ridge, 
which also passes round the transversely oval aperture 
of the axial canal. The surfaces of the lateral fossze slope 
away slightly from the vertical ridge, so that when the 
latter is in close contact with the corresponding ridge of 
the first primibrachial the second primibrachial has a 
slight range of lateral movement upon the first. A 
median crest and a pair of divergent lamellz project from 
the upper, or oral, margin of the axial face to form parts 
of the two oblique surfaces of articulation (fig. 11). 
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In general plan these latter correspond with the articular 
faces of the radials and first primibrachials, there being 
a strong transverse ridge that separates a deep fossa on its 
aboral side from two pairs of fosse on its oral side 
(fig. 10). The divergent lamelle described above form 
vertical dividing ridges between the latter. The radial 
canal, which has been seen above to traverse the first 
prumibrachial, enters the second and immediately bifur- 
cates, and the oval apertures of its two branches appear on 
the corresponding oblique articular faces at the point 
where the transverse ridge is joined by the vertical one. 

Interradial Plates.—In some specimens of Antedon 
three or four small interradial plates are found in the 
interradiil between the axillaries. 

The Arms.-The arms (Pl. I., figs. 1, 2 and 3) are 
rather slender and taper gradually to extreme tenuity. 
Kach arm is composed of a long series of joints or 
segments (figs. 3 and 21), placed end to end and bound 
together by muscular and ligamentous fibres (Pl. V., 
fig. 00). These segments are termed secundibrachials, 
and are of the same fundamental form throughout the 
length of the arm, each one being a short cylindrical rod, 
traversed by a minute axial canal (figs. 12 to 16, also 
fig. 21). The absolute length of the segments decreases 
very gradually from the base to the tip of the arm, those 
at the latter extremity being rather more than half the 
length of those at the former. The proportion of length 
to diameter presents considerable variation. ‘Thus, at the 
proximal end of the arm the length of the first few 
segments is less than half their diameter; in the middle 
region their length is less than twice their diameter; while 
at the distal extremity of the arm the segments become 
more and more cylindrical in form, and their length is at 
least four times their diameter. Viewed from the aboral 
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surface the outer margins of the first secundibrachials 
(Pl. I., fig. 8) are seen to be considerably longer than the 
inner, so much so that the angle of about 80° at which 
their proximal articular faces incline towards each other 
is widened out to one of about 130° between their distal 
faces. The outer margin of the second joint also is longer 
than the inner, and presents a shallow socket divided by 
a transverse ridge, in which a minute perforation appears. 
To this socket the first (oral) pinnule is articulated 
(fig. 3). With certain exceptions to be presently described, 
the succeeding joints present a similar inequality in the 
length of their margins, but the longer margin is 
alternately outer and inner, and the pinnule borne by 
every such joint is articulated to it. Hence, when viewed 
from the dorsal surface, the joints present the appearance 
of triangles, the apices of which point alternately to one 
side and the other (fig. 3). In the middle and more 
distal parts of the arm the inequality of the margins 
becomes less and less marked; and while in the proximal 
portion of the arm the articular socket of the pinnule 
encroaches upon the distal articular socket of the segment 
(fig. 14), in the middle and distal portions it is more 
and more restricted to the lateral face (fig. 15). The 
articular faces of the great majority of the secundi- 
brachial segments present very similar characteristics 
(figs. 12 to 16). <A transverse ridge, pierced by the 
opening of the axial canal, crosses each more or less 
obliquely and separates a single deep fossa on its dorsal 
side from a pair of shallower ventro-lateral fosse. A pair 
of radial lamelle separates the latter from a second pair of 
fossee, which are deeper, occupy the ventral portion of the 
articular face, and are themselves separated by a median 
and more or less vertical lamella. ‘The single dorsal fossa 
lodges the elastic ligament which extends the arm; the 
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ventro-lateral ones lodge the inter-articular lgaments; 
while the ventral pair lodge the flexor muscles. Actual 
contact between the successive segments of the arm occurs 
only along the great transverse ridges. The distal 
articular face of the first secundibrachial and the proximal 
articular face of the second resemble the proximal face of 
the second primibrachial and the distal face of the first in 
having a vertical ridge separating a single pair of lateral 
fosse. 

Exceptions to this general rule are presented by the 
distal faces of certain segments and the proximal faces 
of the next succeeding ones, which are almost flat, 
and the articular and muscular fosse are replaced by 
a series of slightly elevated ridges and alternating furrows, 
which radiate from the opening of the axial canal to the 
dorsal and lateral margins (Pl. L., fig. 16). Ligamentous 
fibres only (Pl. V., fig. 50) bind the two apposed faces 
together. To this close and immovable union of two 
segments, the direction of which is always at right angles 
to the axis of the arm, the name syzygy was given by 
Joh. Miller (Pl. I., fig. 3, syz.). Of the two segments 
concerned in the formation of a syzygy only the distal one 
(epizygal) bears a pinnule, the proximal (hypozygal) 
never has one. In Antedon bifida syzygies occur between 
joints 3 and 4, 9 and 10, 14 and 15, and then between 
every fourth and fifth or sixth and seventh. Syzygies 
appear to be points of least resistance, at which autotomy 
very frequently occurs. 

A transverse interbrachial muscle runs from arm to 
arm of each pair, and its two ends are lodged in corre- 
sponding rounded fossee excavated in the inner ends of the 
proximal faces of the first primibrachials (Pl. I., fig. 12). 

The pinnules, like the arms, are composed of 
articulated segments, the diameter of which gradually 
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decreases from the base to the tip (Pl. I., fig. 3; Pl. IL., 
fig. 24; Pl. III., figs. 32 and 33). The penultimate and 
terminal segments are armed with minute hooks (PI. IIL., 
fig. 34). The axial canal which traverses the arm branches 
into all the pinnules and ends blindly in the terminal 
segment of each. The movements of the pinnules are 
effected by flexor muscles lodged in deep notches in the 
ventral margin of each articular face, and extensor fibres 
which pass from segment to segment on the dorsal margin. 
Ligamentous fibres only bind the proximal segment to 
the brachial segment that bears it. The pinnules borne 
by the second brachial segments are usually twice the 
length of the succeeding ones, and are distinguished as 
the oral pinnules (Pl. 1., fig.3; Pl. Il, fig? 223 Eee 
fig. 32). They have no tentacles and no ambulacral 
grooves, and during hfe are found more or less strongly 
flexed over the tegmen calycis (fig. 24). The mext 
pair are quite short, but the succeeding pairs gradually 
increase in length until the middle portion of the arm 
is reached, beyond which the length decreases to its distal 
end or growing point. Dichotomous division occurs 
repeatedly at the latter, and one branch, on the right and 
left sides alternately, remains short and constitutes a 
pinnule. 

The external surface of the disc and arms is every- 
where invested by a delicate cuticle, beneath which the 
cells of the ectoderm are distinguishable only in the 
ambulacral grooves, the inner faces of the oral and 
marginal tentacles, and upon the pinnular tentacles, where 
they form sensory papille. | 

In other parts, notably along the sides of the arms 
and the lateral and dorsal surfaces of the visceral mass, 
the most superficial cells beneath the cuticle have a more 
or less regular arrangement, but no sharp distinction can 
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be drawn between those of the ectoderm and those of the 
cutis, except In young specimens. Where the subjacent 
tissue is calcified, especially along the dorsal and dorso- 
lateral surfaces of the apical plates and the brachial 
segments, they become fusiform and still more regularly 
arranged, and the delicate filamentous processes into 
which their basal ends are divided are continuous with 
similar processes of many of the cells of the deeper layer 


(Pl. IL, fig. 26). 


Muscires AND LIGAMENTS. 


The flexor muscles of the arms and pinnules (PI. V., 
figs. 50 and 52, flz. m.) consist of large bundles of parallel 
fibres which have a strong affinity for aniline stains, 
especially hematoxylin. Each fibre has a minute oval 
nucleus, and is of uniform diameter throughout its length 
(Pl. III, fig. 36), but it is thicker along one edge than the 
other, and thus presents a wedge-shaped figure in trans- 
verse section. ‘The ends of these fibres are sharply defined. 
The extensor fibres are of extreme fineness and have less 
fmiveroe stains (Pl. I1l., fig. 35; Pl. V., fig. 50). In 
longitudinal sections they frequently possess a more or 
less wavy appearance. Their ends are split up into a 
variable number of fibrille, each of which may be traced 
into continuity with the cells of the stroma which forms 
the organic basis of the adjoining ossicles. The nuclei 
are smaller and rather more rounded than those of the 
flexor fibres. The fibres which form the interarticular 
lhgaments are not distinguishable from the extensor fibres, 
and the interarticular fibres of the cirri are of similar 
character. 
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SAccULI. 


The sacculi (PI. II., figs. 24 and 28; Pl. IIL, figs. 32, 
33, 34, and 40; Pl. IV., figs. 41 and 47; Pl. V., fig. 52; 
Pl. VIL., figs. 61, 62, 66, 67, 69, and 71,.sac.) are amen 
globular or ovate sacs, which occur in great numbers 
immediately below the external epithelium at the edges 
of the ambulacral grooves of the disc, arms, and pinnules, 
and occasionally in small numbers in the wall of the 
intestine and mesenteries. Along the grooves of the dise 
they may form a double or even a triple row, and are 
especially numerous on the outer sides of the proximal 
ends of the brachial grooves, on the periphery of the 
dise (fig. 24). Along the arms and pinnules they form 
a single row, and alternate regularly with the triad groups 
of tentacles. Hach sacculus consists of a delicate limiting 
membrane of connective tissue, lodged in the mesoderm 
and having no permanent aperture (PI. III., fig. 40). The 
included space is almost invariably densely crowded with 
groups of refractive spherules, consisting of an albuminous 
substance, which are colourless during life, but turn 
yellow or red after death, owing to absorption of the very 
soluble pigment of the integument. They have a strong 
affinity for stains. 

These spherules are the product of nucleated cells of 
pyriform shape (fig. 40, a), which clothe the inner face 
of the lower wall of the sacculus, and are apparently 
of mesodermal origin. The spherules make their appear- 
ance in processes of the cells which grow upwards and 
finally become attached in the form of filaments to the 
upper wall of the sacculus. The spherule-containing 
portion eventually separates from the base of the cell and 
hes free in the sacculus. Sacculi have been successively 
regarded as calcigenous glands, mucous glands, excretory 
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glands, symbiotic alge, and accumulations of reserve 
material to be used in the regeneration of injured arms 
or pinnules. The value of the last view is somewhat 
vitiated by the fact that sacculi do not occur in the allied 
genus Actinometra, in the injured arms and pinnules of 
which regeneration goes on quite as actively as in those 
of Antedon. The present writer is inclined to regard the 
function of the sacculi as excretory. 


DIGESTIVE SYSTEM. 


The aperture of the mouth does not occupy the centre 
of the disc, but is more or less displaced in the direction 
of the anterior radius (PI. II., fig. 24, mth.). It opens into 
a gradually widening csophagus, which runs obliquely 
in the direction of the right posterior radius, and there 
expands into a large sacculated intestine (Pl. II., fig. 23, 
int.). This, descending towards the aboral face of the 
visceral mass, and gradually narrowing, makes a complete 
coil around the vertical axis of the disc in the direction 
of the hands of a clock. On re-entering the posterior inter- 
radius it ascends the anal funnel and opens to the exterior 
through the anal aperture. In addition to numerous 
short diverticula which open into the intestine in the 
first third of its course (fig. 23), there are two long 
ones with finely-branched extremities, which open upon 
its inner border in the neighbourhood of the left anterior 
radius (fig. 23, dw.). The alimentary canal is of almost 
uniform structure throughout. It consists of an 
epithelium of fusiform, ciliated cells interspersed, in the 
esophagus, with caliciform cells (Pl. II., fig. 25), and, 
throughout its length, with very minute rounded cells, 
especially between the basal ends of the fusiform cells. A 
layer of nerve fibres, continuous with the sub-epithelial 
nerve ring, underlies the cesophageal epithelium and 
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gradually thins out as the cesophagus passes into the 
intestine, in the walls of which it is difficult to trace. 

The epithelium and subjacent nerve layer rest upon 
a delicate basement membrane of connective tissue, which 
is, however, enormously thickened in the rectal portion of 
the intestine (Pl. IL., fig. 27, en. ts.). Thin but definite 
layers of muscular fibre form sphincters around the 
cesophagus and rectum (figs. 25 and 27, sph. fb.), but 
the musculature is elsewhere feebly developed and less 
definite. 

The anal funnel has been observed to contract 
rhythmically, doubtless in connection with the ejection of 
water and excreta. The food of Antedon consists of 
diatoms, radiolarians, foraminifera, and other small 
organisms, which are captured by the tentacle-fringed 
arms and pinnules and swept down the ambulacral grooves 
to the mouth by the action of the cilia which line them. 


THE BLoop-VASCULAR OR LACUNAR SYSTEM. 


This system is highly characteristic of the majority 
of the Echinoderma, and consists, in Antedon, of 
a number of lacunar spaces, bounded by walls of 
connective tissue scarcely distinguishable from that 
which forms the numerous strands and_ trabecule 
of the body cavity (Pl. V., fig. 52). These lacune 
traverse the body cavity in all directions, and are 
generally recognisable in sections by their albumi- 
noid contents, which are coagulated by the fixing 
reagents and may even stain faintly. As will be presently 
seen, some of the lacune simulate true vessels by the 
assumption of a tubular form and considerable thickening 
of their walls. The largest and most easily recognisable 
lacuna is one to which the name ‘circumoral blood-vascular 
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ring’ has been given by various authors. It depends 
into the body-cavity from a point just below the circum- 
oral water vessel (Pl. IV., fig. 47; Pl. V., fig. 52, ¢.0.6l.r.), 
and appears to attain its greatest development in the inter- 
radii, especially the anal and right posterior ones. Its 
wall consists of a thin sheet of connective tissue containing 
rounded nuclei, and its form in sections depends largely 
upon the quantity of coagulable fluid contained at the 
moment of fixation. Generally speaking, however, it may 
be said to expand gradually and irregularly from its point 
of attachment to the wall of the cesophagus to its 
periphery. Here it becomes much more sacculated; and 
the nuclei are not only more numerous but assume in 
some parts a definite arrangement. 

At one point in its circumference the lacunar walls 
become thickened, very irregular, and confluent, so as to 
form a roughly lenticular mass of connective tissue 
traversed by numerous interlacing tubules. This is the 
‘spongy organ’ (Pl. V., fig. 51). Its tubules are in direct 
communication with a number of thick-walled trunks 
(Pl. IV., fig. 45), some of which run directly from the . 
spongy organ to the oral end of the axial organ, and, 
branching and anastomosing, form a sort of vascular 
envelope thereon (Pl. V., fig. 52). Others run on along- 
side the axial organ towards the aboral face of the visceral 
mass, and there branch and assume more irregular forms 
upon the internal border of the intestinal coil. Other 
similar trunks issue from the blood-vascular ring to be 
distributed around the intestine and in the body cavity, 
and others to ramify in the substance of the tegmen 
ealycis. Lastly, there is an annular lacuna which lies 
outside the periphery of the blood-vascular ring and is in 
communication therewith (Pl. V., fig. 52, gen. bl. Ic.). 
From: it a thin-walled tubular branch arises in each radius 

AA 
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to furnish the genital lacunz of the arms (Pl. IV., fig. 41, 
gen. le.). 

Corpuscles.— Under the term “ corpuscles sanguins,” 
Cuénot (5) has described three kinds of ameeboid cells which 
occur in the various tissues and ccelomic fluid of Antedon: 
(1) amebocytes with short pseudopodia; (2) amcebocytes 
of extremely elongated form which are often found 


‘ 


migrating in the tissues, but which ultimately become 
filled with rod-like bodies which have a special affinity 
for saffranine, when the cell assumes a rounded form; 
(3) very slightly amceboid cells crowded with granules 
which are golden yellow in the living animal. These are 
the “ oil cells ” of Wyville Thomson, and they often occur 
in numbers amongst the cells of the ectoderm, as well as 
in the stroma of the skeletal plates. The rounded cells 
described above as occurring amongst the fusiform cells 
of the intestinal epithelium may possibly belong to the 
first of these groups. 


THE Ca@Lom. 


In Antedon, as in other Crinoidea, the cavity of the 
ceelom is not a clear space like that of the Echinoidea and 
Holothuroidea, but is traversed in all directions by 
trabecule of connective tissue lined by ceelomic endothe- 
lium. The cavity is further partitioned by lamelle of 
connective tissue which lie parallel to the body-wall into 
two well-defined but intercommunicating sub-cavities— 
the peripheral, or subtegumentary, and the peri-intestinal. | 
The latter encloses the intestine, which coils around a 
central clear space which nearly coincides with the vertical 
axis of the disc, and is known as the axial sinus (Pl. V., 
fig. 52, aw. si.). The upper, or oral, end of this sinus 
communicates directly with the subtentacular canals of 


the arms (fig. 52; Pl. III., fig. 29; PI. IV., fig. 41, s.te.ca.). 
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The peripheral cavity in like manner communicates 
with the dorsal or celiac canals of the same (figs. 29, 
41, and 52, cwca.). These canals are, therefore, the 
ceelomic cavities of the arms, and are lined by celomic 
endothelium (fig. 41, cwv.en.). They traverse the arms 
and pinnules to their extremities, and communicate 
with each other at various points by minute openings in 
the horizontal and vertical septa which bound them. 
When viewed in a transverse section of an arm (fig. 29), 
the dorsal or celiac canal (cw. ca.) appears as a sub- 
triangular space, bounded dorso-laterally by the flexor 
muscles and ventrally by a horizontal septum. The latter 
forms also the dorsal boundary of the subtentacular 
canals, two quadrant-shaped spaces (s. te. ca.) separated by 
a vertical septum, which, however, disappears before the 
canals enter the disc. Immediately below the point where 
the vertical septum merges into the horizontal there is a 
small rounded or lenticular space, the genital lacuna 
(fig. 41, gen. /c.), which encloses the genital cord or rachis. 

Ciliated Pits—In the median sagittal line of the 
dorsal wall of the celiac canal of the pinnules, and 
immediately above the nerve cord, there are groups of two 
to six bowl-shaped depressions with slightly raised 
margins, and lined by modified cells of the ccelomic 
endothelium (Pl. III., fig. 37, cd. pt.). The cells which 
line the bottom of the depression are flattened and non- 
ciliated, while those which line the sides are columnar 
and ciliated. The action of the cilia doubtless serves to 
promote currents in the celomic fluid, and on this 
account the ciliated pits of Antedon have been compared 
with the ciliated funnels of the Synaptide and the ciliated 
bands in the brachial cavities of the Ophiuroidea. Should 
this be their only function their comparative rarity in the 
eceliac canals of the arms is remarkable. Their linear 
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arrangement, in close proximity to the dorsal nerve cord, 
is probably not without significance, though no nervous 
connection between the two has been traced. 


THE CHAMBERED ORGAN. 


This organ (PI. V., fig. 52; Pl. VI., figs: 04) pono 
99, ch. or.) is a division of the celom, and is lodged for the 
most part in the cavity of the centro-dorsal plate. It 
consists of five radially situated chambers of roughly 
equal size, lined by ccelomic endothelium, and completely 
enveloped on all sides by the central capsule of the apical 
or aboral nervous system (fig. 57). In the vertical 
axis, from which the connective tissue septa which divide 
the chambers spring, there is a column-like prolongation 
of the axial organ (Pl. V., fig. 52; Pl. VI., fig. 59) which 
penetrates the central capsule and gradually tapers off in 
the substance of the centro-dorsal. Tubular extensions 
of the radial chambers, known as cirrus vessels (figs. 52 
and 59, c.v.), enclosed in corresponding extensions 
of the central capsule, called cirrus cords (ci.cd.), and 
divided throughout by a horizontal septum (figs. 58 and 
59) traverse the thickness of the centro-dorsal and the 
axial canals which have been described above as running 
through all but the terminal joints of the cirri. The 
horizontal septa cross the chambers, some to be inserted 
in the vertical axis (Pl. VI., fig. 59), while others do not 
reach it. They thus appear in sagittal and tangential 
sections to divide the aboral ends of the radial chambers 
into a number of super-imposed spaces. On the other 
hand, the septa are not continued to the extreme ends of 
the cirrus canals, so that a eons of the celomic fluid 
therein is possible. | 
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Tur AXIAL ORGAN. 


This organ, variously known as “dorsal organ,” 
“glandular organ,’ and “genital stolon,’ has already 
been seen in connection with the chambered organ (PI. V., 
meme@oebl. Vi, tig: 09, az.or.). That portion which 
forms the axis of the latter consists of a comparatively 
slender cord, traversed by a few tubules lined with 
epithelium (fig. 59), which finally merge into one in 
the direction of the centro-dorsal (Pl. VI., figs. 54, 55, and 
d7, ax.or.). In the opposite direction the organ passes 
through the central foramen of the rosette plate, ascends 
alongside the axial sinus of the celom towards the mouth, 
and, in the adult animal, ends in a rounded extremity 
some little distance below the tegmen calycis, in the right 
anterior radius. This portion of the organ consists of a 
complex mass of tubules lined with cylindrical epithelium 
(Pl. IV., fig. 46), and enclosed in a stroma of connective 
tissue. As already stated above, a part of the lacunar 
system is in close relation with the axial organ; but the 
cord-like extensions of its free (oral) end which have been 
described as passing into the arms of the pentacrinoid 
larva, there to form the genital rachids, do not persist in 
the adult. A departure from the structural condition just 
described appears to be associated with the breeding 
season. The lumina of the tubules open into one another 
much more freely than at other times (Pl. IV., fig. 44), 
and the epithelial cells which line them break away from 
the basement membrane and become amceboid. Various 
stages of this process may be seen in serial sections of one 
and the same organ. 
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THE WaTER VASCULAR SYSTEM. 


This system consists of a circum-oral vessel and five 
radial vessels which spring therefrom and bifurcate at the 
base of the corresponding pairs of arms to traverse them 
and their pinnules to their extremities. In addition to 
these structures there are numerous water tubes which 
depend from and open into the circum-oral vessel, and 
still more numerous ciliated funnels which penetrate the 
tegmen calycis and open into the body cavity. 

The circum-oral vessel surrounds the mouth at the 
base of the oral tentacles (Pl. IV., fig. 47; Pl. V. fig. 82, 
c.o.w.v.). In common with all other parts of the system, 
it is lined with endothelium, the cells of which are here 
rounded, non-ciliated, and have a central nucleus which 
stains faintly (Pl. IV., fig. 47, ce.én.). Longitudinal 
muscle fibres form a thin but well-defined band upon the 
side of the vessel nearest to the esophagus (fig. 47, d.m.f.). 

Tentacular branches are given off directly to the five 
interradial groups of oral tentacles, and at these points 
the lumen of the vessel is traversed by little groups of 
isolated muscle fibres (¢.m.f.). Similar groups occur at 
the points of origin of the radial vessels. The course of 
the latter coincides exactly with that of the ambulacral 
grooves of the disc, of the arms, and of the pinnules. A 
lacuna-like space, the sub-neural sinus (Pl. IV., fig. 41, 
s.n.s.), separates the vessel (Pl. III., fig. 29; Pl. IV., 
fig. 41; Pl. V., fig. 52, r.w.v.) from the sub-epithelial 
nerve band. 

In traversing the arms the radial vessels follow a 
slightly zigzag course, and give off, at each of the angles, 
a lateral branch to a corresponding pinnule. Lateral 
branches are given off also, which, after a short course at 
right angles to the axis of the arm or pinnule (PI. IIL., 
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fig. 29; Pl. IV., fig. 41, tn. vs.) divide into three to form 
the cavities of the triad groups of tentacles which spring 
from a common point in the centre of the lappets which 
form the margins of the ambulacral groove. Tentacles 
and tentacular vessels are wanting in the oral pinnules. 
In its main features the histological structure of these 
tentacles agrees with that of the oral ones (Pl. IV., fig. 47, 
or.tn.). Passing from within outwards there is (1) an 
endothelium of rounded cells (cw. en.) lining the lumen of 
the tentacle and resting upon (2) a thin but well-defined 
layer of longitudinally disposed muscular fibres (d.m.f.) 
with which the epithelial cells are said to be connected ; 
(3) a layer of connective tissue, scarcely recognisable in 
the pinnular tentacles; (4) fibrils from the sub-epithelial 
nerve band (sb. nv. f.) (on the inner face of the tentacle 
only); (5) the external epithelium (ectoderm=ect.). In 
the case of the pinnular tentacles, however, the cells of 
the external epithelium are grouped together to form stiff 
projecting sensory papille (Pl. III., figs. 30 and 31, 
Sn. pp.). 

The water-tubes (stone canals of authors), to the 
number of about thirty in each interradius, open into the 
circum-oral vessel along its lower side (Pl. IV., fig. 47; 
Pl. V., fig: 52, w.t.). The slightly expanded free ends of 
the tubes depend and open into the peripheral portion of 
the celom. ‘Their lumina are lined by columnar cells 
which are ciliated and have large oval nuclei which stain 
deeply (fig. 47). The ciliated funnels (Pl. IIL., fig. 22; 
Pl. V., fig. 52, cl. fn.) are scattered all over the tegmen 
calycis to its extreme edge ‘between the bases of the 
arms, and are especially numerous along the borders of 
the ambulacral grooves. ‘Their slightly raised external 
apertures, the water pores, are visible under a good hand 
lens. Passing from without inwards the diameter of the 
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funnel gradually narrows (fig. 22), then widens again 
to form a median dilatation. Here the columnar cells of 
the epithelium with which the funnel is lined bear long 
cilia which, in sections, are invariably directed towards 
the body cavity. Beyond the dilatation the cells lose their 
cia and gradually thin out, until, as the lumen of the 
funnel gradually narrows, they are replaced by those of 
the celomic endothelium. Occasionally two adjacent 
funnels unite before opening into the body cavity. 

The water-vascular system of Antedon and its allies 
differs functionally from that of the great majority of 
Echinoderma in having no locomotor réle. The function 
of the delicate tentacles which fringe the ambulacral 
grooves is probably respiratory; and, as will be seen later 
on, in the description of the nervous system, they are 
highly sensory. The ciliated funnels and water-tubes 
probably discharge the same function as the madreporites 
and water-tubes (stone canals) of the majority of other 
EKchinoderma; but while, in the Echinoidea, Ophiuroidea, 
and Asteroidea the surrounding water passes directly 
through the madreporite and water-tube into the water 
vessels, in Antedon it must first enter the body-cavity 
before passing through the numerous water-tubes into the 
circum-oral water vessel. 


Tuer Nervous Systems. 


There are apparently three well-marked nervous 
systems in Antedon, known respectively as the Superficial 
Oral, the Deeper Oral, and the Apical or Aboral. The 
first of these consists of a nerve ring encircling the oral 
aperture (Pl. [V., fig. 47; Pl. V., fig. 52, c.o.nv.r.) in close 
proximity to the circum-oral water vessel, and radial 
nerves (Pl. III. fig. 29; Pl. IV., fig. 41; Pl. V., fee 


amb. nv.) which radiate from the ring and traverse the 
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arms and pinnules to their extremities. The ambulacral 
grooves are lined with an epithelium composed of fusiform 
ciliated cells (Pl. IV., figs. 42 and 43), beneath which 
there is a well-marked band of longitudinally disposed 
nerve fibres (amb. nv.), from which the inner faces of the 
marginal tentacles are innervated (fig. 41). The band 
is thickest in the median line of the groove and thins 
out gradually towards the sides thereof. The filiform 
basal ends of many of the overlying epithelial cells 
penetrate the nerve band to the basement membrane upon 
which it rests (figs. 42 and 43). Scattered between the 
epithelial cells, just above the nerve band, are many bi- 
polar and tri-polar cells, which are not improbably in 
continuity with the epithelial cells and nerve fibres, and 
similar cells occur in small numbers in the nerve band 
itself. A layer of nerve fibres extends from the circum- 
oral ring for some distance along the alimentary canal 
fee ne 47; Pl. V., fie. 92, sb. nv. f.), but is not 
readily traceable beyond the cesophagus. 

The Deeper Oral system is situated, like the fore- 
going, on the oral side of the disc and of the arms, but is 
_ sub-epithelial in position, and consists of a circum- 
esophageal ring with cords radiating from it (Pl. V., 
fig. 52), lodged in the connective tissue of the tegmen 
calycis and of the ventral faces of the arms. The circum- 
esophageal ring (d. 0. nv. r.) is of irregular thickness, and 
is not always readily traceable throughout a series of 
sagittal sections of the disc. Of the nerve cords which 
radiate from the rmg Cuénot has described five principal 
pairs, which are said to run one on either side of the five 
ambulacral grooves of the tegmen calycis and from thence 
traverse the arms in the same relative position. The 
present writer has found the tracing of these nerves a 
matter of very considerable difficulty. In individual 
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sections of the arms in which a nerve appears in the 
position indicated by Cuénot it may be seen to give off 
twigs to the ambulacral tentacles and to others which 
run towards the dorsal face of the arm (PI. III., fig. 29, 
it. nv. c.) where they are said to unite with similar twigs 
from the brachial cords of the apical system. Moreover, 
it has not been shown how the single pair of nerve cords 
which are said to run alongside the ambulacral grooves of 
the tegmen calycis divide at the point of origin of each 
pair of arms, so as to furnish a lateral nerve cord to their 
inner faces. Nerves from the circum-esophageal ring 
are traceable to the oral tentacles (Pl. V., fig. 52), and two 
cords traverse the anal interradius to innervate the anal 
funnel. Similar nerves occur in the other interradii, and 
their branches appear to anastomose, thus forming a sub- 
tegumentary plexus. From the latter, nerve twigs go to 
innervate the bands and trabecule of connective tissue in 
the body cavity. It is highly probable that this sub- 
epithelial system is in continuity with the superficial 
system as well as with the apical system. 

The Apical system consists of a cup-shaped structure, 
the central capsule, from which stout nerve cords proceed 
and eventually unite in pairs to form the apical or dorsal 
nerve cords of the arms (Pl. V., figs. 48, 49, and 52; 
Pl. VI., figs. 54, 55, 56, 57, and 59, .cen. cap.)) ame 
central capsule is lodged in the concavity of the centro- 
dorsal plate, to the walls of which it is closely applied, 
and its oral or ventral face is covered by the rosette plate 
(Pl. VI., fig. 59). Its thick walls form a close investment 
around the chambered organ; and, as has been already 
stated above, the cirrus vessels which radiate from the 
chambers are also invested by tubular extensions of the 
capsule which form the so-called cirrus cords (figs. 52 
and 69). 
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From the margin of the oral face of the capsule arise 
five interradially situated and diverging pairs of cord-like 
extensions of the capsule (Pl. V., figs. 48 and 49). Trend- 
ing towards the oral face of the disc, and entering the 
substance of the radial plates through the apertures seen 
in fig. 4, Pl. I., these cords unite to form five radial 
nerves, the left cord of one interradial pair uniting with 
the right one of the pair next to it. Just beyond the 
points of junction of the cords the five radial nerves are 
connected together by a pentagonal commissure (Pl. V., 
figs. 48 and 49; Pl. VI., fig. 56, pnt. com.) lodged in a 
canal of corresponding shape which traverses the five 
radials, in the lateral faces of which its openings may be 
seen (Pl. I., fig. 6). Beyond the commissure the radial 
nerve cords pass out of the radial plates into the axial 
canals of the first primibrachials, and from thence into 
the second primibrachials or axillaries. On entering the 
latter each nerve divides into right and left branches 
(Pl. VI., fig. 53), which pass outwards through the 
corresponding oblique facets of the plate to form the axial 
cords of the arms. The two branches are connected 
together just beyond their point of origin, and while still 
within the axillary plate, by a transverse commissure 
(tr. com.) and a chiasma (chz.), the latter occupying the 
triangular space bounded by the former and the diverging 
cords. Passing outwards from the Axillary plate, each 
branch enters the arm of its own side to become the brachial 
nerve cord of the apical system (0r. nv.c.). ‘Traversing the 
whole length of the arm through the axial canal which 
perforates all the calcareous joints, the cord gives off 
alternately right «and left branches to the pinnules, and 
these arise from double roots (Pl. VI., fig. 60, d. 7. pn. br.). 
Further, the cord gives off in each joint two pairs of 


nerves (Pl. III., fig. 29) which are considered to be 
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principally sensory. One pair arise from the oro-lateral 
(ventral) border of the cord (vn. nv.), and furnish principal 
branches to the interarticular muscles, numerous twigs 
which end in sensory cells of the external epithelium, 
and branches which are said to unite with similar ones 
from the lateral brachial cords of the deeper oral system. 
The other pair arise from the dorso-lateral border of the 
cord (dr. nv.), and the numerous branches divide again 
and again until, as exceedingly fine twigs, they end 
like some of those of the oral pair, in continuity 
with the sensory cells of the external epithelium. 
In longitudinal sections of the arms (Pl. V., fig. 50) 
the brachial nerve cord (br.nv.c.) presents a sort of 
nodal enlargement between every two joints, those between 
which a syzygy occurs excepted. These are the points of 
origin of nerves which are distributed to the interbrachial 
muscles and ligaments, and which are exceedingly difficult 
to trace. 

In histological structure the central capsule and its 
radial cords are practically uniform. They consist of 
extremely delicate fibrils, with numbers of very minute 
ganglion cells intercalated between them. In the more 
apical portion of the central capsule the fibrils have no 
definite arrangement, but in the walls of its oral aspect 
they are disposed for the most part concentrically around 
the chambered organ (fig. 55). In the radial cords the 
nerve fibrils do not form one homogeneous bundle, but are 
bound together to form strands which are definite in 
position and direction. Thus, the chiasma (PI. VI., fig. 53, 
cht.) is formed by two strands which run along the outer 
lateral borders of the undivided cord, and from thence 
cross over, one under the other, to be merged into similar 
strands which run along the inner borders of the two 
branches and, by the union of their proximal ends, form 
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the commissure. ‘Transverse sections of the brachial nerve 
cords (Pl. III., fig. 39) show that their fibrils form five 
definite strands. Two of these run along the oral aspect 
of the cord and are in contact in the middle line; while 
the remaining three traverse its dorsal face, one being 
median and the other two lateral. Both the lateral 
strands contribute fibrils to the pinnular branches. The 
organic reticulum which forms the bases of the skeletal 
parts is a definite investing layer around the capsule 
and the cords. 

Very little is known of the functions of the superficial 
oral and deeper oral nervous systems. The sub-epithelial 
bands which underlie the ambulacral grooves so closely 
resemble, in histological structure and relation to the 
ambulacral epithelium, the sub-epithelial bands of the 
Asteroidea, which are undoubtedly nerves, that there can 
be little doubt of their nervous character; but the experi- 
ments of Carpenter (6), Milnes Marshall (7), and Jickeli (8) 
show that neither the superficial oral nor the deeper oral 
system plays more than a very subordinate part in 
sensation and movement. In all probability the former 
is concerned with the ambulacral epithelium and the 
highly sensitive tentacles bordering the ambulacral 
grooves, structures with which the system is in close 
anatomical relation. The experiments cited above show 
that the apical system is the principal one. That the 
central capsule is a centre from which the complex co- 
ordinated movements of swimming and righting are 
controlled is shown by the fact that when this organ is 
entirely removed the movements cease; on the other hand, 
evisceration, with consequent removal of the circum-oral 
ring of the ambulacral system, has no effect whatever 
upon them. The commissure lodged in the pentagonal 
canal of the radial plates co-ordinates the movements of 
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the whole number of arms, as is shown by the partial or 
complete failure of co-ordination when the commissure 
is injured or wholly destroyed; while the commissure and 
chiasma which connect the bifureating nerve cords in the 
second primibrachial in like manner co-ordinate the 
movements of each pair. The brachial cords are the 
paths along which afferent and efferent impulses travel 
to and from the central capsule. If the cord only be 
severed at any one point of an arm, leaving the 
ambulacral nerve band intact, even the severest irritation 
applied to the distal portion of the arm beyond the injury 
fails to excite any response in the disc and the remaining 
uninjured arms. Irritation applied to the cut end of the 
cord in the proximal part of the arm causes immediate 
and strong flexion of that and all the uninjured arms, 
while irritation applied to the cord in the distal part of 
the arm causes similar movements in that part of the arm 
alone. 


Tur GENITAL ORGANS. 


The genital organs, testes and ovaries, are specialised 
portions of a system of sterile cords which radiate from 
the disc and traverse the arms and pinnules. In a 
transverse section of an arm (PI. IV., fig. 41) there may 
be seen in the horizontal partition which divides the 
celiac from the subtentacular canals another rounded 
ccelomic space, lined like its neighbours with endothelium 
(gen. tc.). This is the genital lacuna or sinus. It encloses 
another tube, the genital strand or rachis (gen. ra.), which 
is suspended to its walls by slender filaments of connective 
tissue. At first a solid cord, the rachis eventually 
becomes a hollow tube lined with germinal epithelium. 
In its course along the arm it supplies a branch to each 
pinnule with the exception of the first. In the pinnules 
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the branches widen out enormously to form ovate cavities, 
the gonads (Pl. VI., fig. 61, tes.; fig. 62, ov.), which equal 
in length five or six of the pinnular joints, and, at the 
period of sexual maturity, are filled with spermatozoa, or 
ova, derived from the germinal epithelium. 

The testes are invested by a delicate layer of con- 
nective tissue in which there are oblique muscular fibres ; 
on the inner side this layer is thrown into many project- 
_ ing folds, which greatly augment the surface upon which 
the spermatoblasts are developed. The mature sperma- 
tozoon has a conical head and a middle piece to which the 
tail is attached. Many of the germinal cells which line 
the ovaries remain small and form a follicular investment 
around the developing ova (fig. 62, fol. c.). 

The course of the genital sinuses and the included 
genital strands in the disc is very difficult to trace. The 
sinuses almost certainly open into the circum-csophageal 
plexus, but, in the adult animal at least, the genital 
rachids are not traceable into continuity with the oral 
end of the axial organ, from which they are said to arise 
in the larva. A sexually mature Antedon may be easily 
recognised by its swollen pinnules, to which the extruded 
ova, which are fertilised externally, adhere in little 
groups for four or five days, and until the embryo within 
has developed the rudiments of its skeleton. The gonads 
of the more proximal pinnules appear to be the first to 
ripen. The eggs probably escape from the ovaries by 
rupture of their walls at one or more points of least 
resistance, while the spermatozoa are discharged through 
a small funnel-lhke projection upon one or both sides of 
the gonad (fig. 61). Sexual maturity occurs in the 
months of May and June around the Isle of Man, but 
the time differs a little according to geographical position. 
According to Cuénot, it occurs in March and April in the 
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Mediterranean, and from the end of May to the end of 
June at Trieste. 

Segmentation of the egg results in the formation of 
a spherical embryo, which consists of a single layer of 
cells enclosing a cavity filled with gelatinous matter. 
This is a celoblastula. Immediately after the completion 
of this initial stage, a depression, due to invagination of 
the wall of the celoblastula, appears at one pole, and the 
invaginating portion soon becomes bilaminar. The slit- 
like aperture of the invagination is the blastopore. The 
embryo is now a gastrula. The cells of the inner layer 
of the invagination migrate into the gelatinous matter to 
form mesenchyme (Pl. VI., fig. 63, mes.). The external 
surface of the embryo is covered with cilia, the action of 
which causes it to rotate within the egg membrane. 
Presently the blastopore closes completely, and the 
archenteron becomes a closed vesicle. A circular furrow 
now appears in its walls and, gradually deepening, 
eventually separates the archenteric cavity into two 
distinct vesicles, of which the anterior is slightly the 
larger (fig. 63). The latter gives rise to the intestine 
and the hydrocel, while from the posterior vesicle the 
celom and the chambered organ are derived. The 
posterior vesicle elongates transversely ; and concurrently, 
the anterior one is produced into horn-like dorsal and 
ventral extensions (fig. 64, me. hy. vs.),which grow around 
it until they touch, but do not communicate. ‘The 
two ends of the posterior vesicle now enlarge, while the 
median portion, encircled by the horns of the anterior 
vesicle, becomes more tubular. The embryo is now 
bilaterally symmetrical, and begins to assume an oval 
form. A ventral outgrowth from the anterior vesicle now 
forms the rudiment of the hydrocel (rw. hy.), and the 
vesicle itself becomes the intestine. The enlarged ends of 
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the posterior vesicle continue to increase in size, and by 
the eventual disappearance of the median connecting 
portion, become right and left enteroccelic sacs. About 
the fourth day the embryo assumes a still more elongated 
form, and at its anterior end a tuft of long cilia appears. 
This is borne by a thickened and slightly depressed area 
of the ectoderm known as the neural plate, in the deeper 
layers of which the rudiments of the larval nervous system 
appear. Close behind the neural plate, on the antero- 
ventral face of the embryo, is a slight depression, the 
adhesive pit, by means of which the free swimming larva 
eventually attaches itself. The right enterocelic sac 
invades the segmentation cavity and spreads dorsally 
forwards and over the intestine. The left sac enlarges 
in the opposite direction and surrounds the posterior 
border of the intestine. The rudiment of the hydrocel 
is now separated from the intestine, but remains for a 
short time in open communication with a small outgrowth 
from its anterior wall, the parietal sinus. The intestine 
undergoes changes of shape and becomes a vesicle. The 
rudiments of the skeletal system now make their appear- 
ance in the form of five oral plates, five basals, from three 
to five infrabasals, and about eleven segments of the stalk 
(fig. 65, jt. sk.). Externally the embryo is encircled by 
five ciliated bands (cl.r.), and there is a depression in 
the ventral ectoderm, known as the vestibule (vs.), the 
significance of which will appear later. At this stage the 
embryo is hatched out and becomes a free-swimming 
larva, with the tuft of long cilia directed forwards. 
Between the third and fourth ciliated rings there is a 
minute aperture, the primary water pore. During the 
free swimming stage the larval nervous system attains its 
highest development, and the adhesive pit enlarges and 
becomes glandular. The vestibule becomes tubular, owing 
BB 
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to the fusion of its lateral edges in the median line, a 
small anterior aperture being retained. The intestine 
assumes the form of a hollow plate, and the hydrocel les 
in its ventrally directed cavity (fig. 65). The rudiments 
of the chambered organ now appear as five tubular out- 
erowths from the right enterocel vesicle; and the skeletal 
joints of the stalk, which are at first horse-shoe shaped, 
surround them. The hydroccel vesicle separates from the 
parietal sinus and assumes a horse-shoe shape. Five 
outgrowths of its wall appear, each of which eventually 
gives rise to three primary tentacles, while the primary 
water tube (stone canal) appears at the blind end of the 
left hmb of the vesicle. The parietal sinus takes up a new 
position in front of the hydrocel and finally communicates 
with the exterior through the hydropore. Soon after the 
larva attaches itself the ciliated rings and tuft and the 
neural plate disappear. The vestibular aperture dis- 
appears and the vestibule itself takes up a new position at 
the posterior end of the larva, and by the assumption of 
a pentagonal form, determines the radiate structure of the 
adult. It is accompanied in its movements by the 
hydroceel, so that the two structures maintain their relative 
positions. Communication between the hydroccl vesicle 
and the parietal sinus is re-established by the water tube, 
which breaks through into the former. Concurrently with 
these changes a store of nutritive material is accumulated 
within the intestinal vesicle by numerous cells which 
become detached from its wall and finally completely fill 
it. A funnel-like depression of the floor of the vestibule 
passes through the hydrocel ring and forms the 
esophagus. A corresponding process of the intestinal 
vesicle eventually fuses with it. The left celomic sac 
becomes the oral ceelom, and the right sac the aboral or 
apical ccelom. 
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The axial organ arises as an epithelial thickening 
upon one of the primary mesenteries—the longitudinal 
accessory—formed by the approximation of the ccelomic 
sacs. Concurrently with the shifting of the vestibule to 
the posterior end of the larva a re-arrangement of the 
skeletal plates takes place. 

The five orals (Pl. VIL., fig. 66, or. ».) form a pyramid 
on the roof of the vestibule, while the five basals (bas. p.) 
form a similar but inverted pyramid in the body wall of 
the calyx. The plates forming both pyramids are inter- 
radial in position. Around the uppermost joints of the 
stalk there are from three to five small infrabasals, which 
are said to eventually fuse with the centro-dorsal. During 
subsequent development of the larva the definitive mouth 
is formed by perforation of the vestibule, and radial 
grooves soon divide the vestibular roof into five interradial 
valves, in each of which lies an oral plate. Between these 
the five groups of primary tentacles and five primary 
sacculi make their appearance (fig. 66). The superficial 
oral nervous system appears as a multilaminar ring of 
ectoderm, the deeper cells of which give rise to the nerve 
tissue. The anus, in the formation of which the ectoderm 
_ takes no part, breaks through in the posterior interradius, 
in which also the primary ciliated funnel (hydropore) 
appears (fig. 68, hyp.) The chambered organ 1s now 
shut off from the aboral ccelom, and the axial organ 
becomes an independent strand of cells, at first solid, 
but subsequently hollow. The horse-shoe-shaped hydroccel 
(fig. 68, hyd. r.) becomes completely closed and forms the 
circum-oral water vessel. Four new ciliated funnels and 
four water tubes (stone canals) make their appearance, so 
that there is one of each in all five interradii. The larva 
now consists of a well-marked stalk, composed of from 
eight to ten cylindrical joints, and a more or less expanded 
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calyx, supported, as we have already seen, by the circlets 
of basal and oral plates. The lowest joint of the 
stem (figs. 66, 67, and 69) assumes a discoid or lobate 
form, so as to afford firm attachment to the substratum 
upon which the larva has fixed itself, whilst the highest is 
also somewhat expanded as a support for the calyx. In 
the latter the basal and oral plates are now fully 
developed. 

As will be seen in fig. 66, the oral plates usually stand 
almost erect, thus exposing the underlying oral apparatus, 
but they can be closed down upon it. Five pairs of 
tentacles make their appearance between the groups of 
three primary ones (fig. 68, se. ten.), making twenty-five 
in all; and whereas at first the five tentacles in each 
radius are connected by a common tentacle canal arising 
from the circum-oral water vessel, they eventually arise 
separately from the latter. Another circlet of plates, the 
radials, now make their appearance in the spaces left 
between the contiguous angles of the basal and oral plates 
(fig. 67, 69, and 70, rd.). As their name implies, they 
are radial in position. A small asymmetrical plate, the 
anal, also appears between two of the radials, and on a 
level with them, but this undergoes resorption at a later 
period. The next plates to appear are the first primi- 
brachials, which, supported by the radials, project upwards 
and slightly outwards between the orals (fig. 67, pmbd. 1). 
These are soon followed by the second primibrachials or 
axillaries (pmb. 2), upon the distal extremities of which 
the first pair of secundibrachials (sec. 1) appear in due 
course. Eventually the basal plates fuse to form the 
rosette, which covers in the chambered organ and central 
capsule. By the outward growth of the arms and the 
consequent enlargement of the circumference of the 
tegmen calycis, the oral plates are left upon the oral 
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surface, and at a later period undergo resorption. When 
fully developed the larval stalk consists of about twenty 
joints, of which the two or three uppermost are short and 
dise-like (fig. 69). The first whorl of cirri, numbering 
five, is developed, interradially, upon the under surface 
of the uppermost joint, which ultimately fuses with the 
centro-dorsal. ‘The members of the next formed whorl 
alternate in position with the first, and to these a third 
whorl is generally added before the young Antedon 
detaches itself from its stalk and becomes free. The first 
pinnules are formed before the larva detaches itself from 
its stalk, and when each of the arms consists of about 
twelve secundibrachial joints. A bifurcation now presents 
itself at the growing extremity of the arm, one ramus of 
which grows more rapidly than the other, and in a line 
continuous with that of the axis of the arm. The shorter 
ramus diverges at an acute angle and becomes the primary 
pinnule. With the exception of the second secundi- 
brachial, upon which an oral pinnule early appears, the 
first formed and more proximal joints of the arm do not 
bear pinnules until the larva become free. 

The larva is capable of considerable movement. Its 
stalk can be bent from side to side or thrown into a short 
spiral, while the arms are repeatedly extended and flexed 
with considerable vivacity. Detachment of the young 
Antedon from its stalk is not an accidental circumstance, 
resulting merely from atrophy of the upper joints of the 
latter. It is preceded by the appearance, at a point 
immediately below the centro-dorsal plate, of a narrow 
band of fine fibrils which run parallel to the axis of the 
stalk, and unite two layers of very minute cells. The 
plane of rupture passes between these two layers. 
Detachment does not take place until the cirri are 
sufficiently developed to enable the animal to attach itself 
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to surrounding objects, such as Laminaria, Delesseria, 


Hydroids and Polyzoa. 


REGENERATION. 


Antedon has long been known to possess considerable 
power of regeneration. The visceral mass may often be 
detached with great ease, and, as shown by Dendy (9), may 
be completely regenerated in the course of a few weeks. 
Specimens are occasionally found (10) only partially evis- 
cerated, and the original visceral mass remains, more or 
less displaced, but with a new one developed in the normal 
position. Przibram (11) found that the visceral mass could 
be transplanted with success from one individual to 
another. Regeneration and transplantation cannot occur, 
however, in the absence of the apical nervous system. 
Regeneration of the arms is of very frequent occurrence, 
and not uncommonly results in monstrosity. Perrier (12) 
has fully discussed regeneration of the arms. 


PARASITES. 


Antedon bifida is the host of a number of parasites 
and commensals, of which the best known are two species 
of Myzostomide, Myzostoma glabrum and M. cirriferum. 
The former is found fixed in the neighbourhood of the 
mouth in specimens from the Mediterranean and the 
Adriatic, and the latter occurs in large numbers on the 
disc and arms of specimens from the same localities as 
well as from various parts of the British coasts, including 
the Isle of Man. A small Gastropod, Stylina comatulicola, 
is not uncommonly found attached by means of its pro- 
boscis to the anal funnel or to the cirri of specimens from 
the Mediterranean. Several Copepoda, including Collo- 
cheres gracilicauda, Brady, have been found attached to 
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the surface of the disc of specimens from various localities, 
and other Crustacean parasites have been found sunk in 
the tissues or inhabiting the alimentary canal. A pear- 
shaped holotrichous Infusorian is frequently abundant in 
the alimentary canal of specimens collected off the Isle of 
Man and in the neighbourhood of Roscoff, and a 
peritrichous form, Hemispeiropsis antedonis infests the 
surface of the body of Mediterranean specimens. 


MerHops. 


Antedon may be killed rapidly and with the arms 
fully extended by immersion in fresh water. Corrosive- 
acetic mixture is a good fixative, but the writer’s best 
results were obtained by the use of corrosive-acetic 
mixture 3 vols. and 10 per cent. solution of formalin 1 vol. 
For sectioning, specimens which have died with the arms 
fully extended laterally should be selected, so that 
the primibrachials and proximal secundibrachials may 
be as nearly as possible in the same plane as the 
radials. After fixation, the specimens should be well 
washed in several changes of 70 per cent. alcohol. 
Decalcification may be effected by the addition of 3 per 
cent. of strong nitric acid to 97 c.c. of 70 per cent. alcohol; 
and the specimens, especially if large, should remain in 
this for at least twenty-four hours after bubbles of gas 
have ceased to escape from them. All trace of the nitric 
acid should then be removed by liberal washing in 70 per 
cent. to 90 per cent. alcohol. For staining sections the 
writer has used Heidenhain’s iron hem-alum method 
with excellent results, and methyl-blue-eosin is also good. 
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DESCRIPTION OF THH PLATES. 


List oF REFERENCE LETTERS. 


amb. ep. = Ambulacral epithe- 


lium. 
amb. gr. = Ambulacral groove. 
amb. nv. = Ambulacral nerve. 
an. = Anus. 
an. fl. = Anal funnel. 
arc. = Archenteron. 
ax. cn. = Axial canal. 
ax. or. = Axial organ. 
ax. si. = Axial sinus. 


bas. = Basal plate. 

bl. Ic. = Blood lacuna. 

br. nv. c. = Brachial nerve cord. 

cal. cl. = Caliciform cell. 

cen. cap. = Central capsule. 

chi. = Chiasma of radial cords. 

ch. or. = Chambered organ. 

ev, — Cirrus. 

ci. cd. = Cirrus cord. 

cil. pt. = Ciliated pit. 

ci. v. = Cirrus vessel. 

cl. fn. = Ciliated funnels. 

cl. r. = Ciliated ring. 

ent. dr. = Centro-dorsal plate. 

cn. ts. = Connective tissue. 

c. o. bl. r. = Circum-oral blood 
vessel. 

ce. ca. = Ceeliac canal. 

ce. en. = Celomic endothelium. 

cog. = Coagulum. 

c. 0. nv. r. = Circum-oral super- 
ficial nerve ring. 

c. 0. w. v. = Circum-oral water 


vessel. 
ct. = Cuticle. 
cv. p. = Covering plate. 


d. o. nv. = Nerves of deeper oral 
system. 


d. 0. nv. r. = Circum-cesophageal 
deeper nerve ring. 

dr. nv. = Dorsal nerves from 
brachial cord. 

d. r. pn. br. = Double root of 
pinnular branch of brachial 
cord. 

ect. = Ectoderm. 

ep. = Epithelium. 

ex. ch. or. = Extension of cham- 
bered organ. 

ex. lig. = Extensor ligaments. 

flx. m. = Flexor muscles. 

gen. bl. le. = Genital blood lacuna. 

gen. ra. = Genital rachis. 

hyd. = Hydrocel. 

hyd. r. = Hydrocel ring. 

hyp. = Hydropore. 

1.m. f. = Isolated muscular fibres. 

int. = Intestine. 

int. ep. = Intestinal epithelium. 

int. lig. = Interarticular liga- 
ments. 

jt. pn. = Calcareous joint of 
pinnule. 

jt. sk. = Calcareous stalk joint. 

l. ce. = Leit colom. 

l. m. f. = Longitudinal muscular 
fibres. 

it. nv. c. = Lateral cord of deeper 
oral nervous system. 

me. hy. vs. = Mesentero-hydroceel 


vesicle. 
mes. = Mesenchyme. 
mth. = Mouth. 


nv. l.= Nerve layer. 
or. = Oral plate. 
or. pn. = Oral pinnule. 
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or. tn. = Oral tentacle. 

Otn== Ovid 

ovr. = Ovary. 

pd. = Pedal plate. 

pmb. 1, = First primibrachial. 


sec. 1. = First secundibrachial. 

s. te. ca. = Sub-tentacular canal. 
se. ten. = Secondary tentacle. 
sn. pp. = Sensory papilla. 

Ss. n. Ss. = Sub-neural sinus. 


pmb. 2. = Second primibrachial. sph. fb. = Fibres of sphincter 
pn. = Pinnule. muscle in transverse section. 
pnt. com. = Pentagonal com- sp. or. = Spongy organ. 

missure. st. = Stomach of larva. 
pr. ten. = Primary tentacles. syz. = Syzygy. 
r. ce. = Right celom. ten. = Tentacle. 
rad. nv. = Radial cords of apical tes. = Testis. 

nervous system. ' tg. cl. = Tegmen calycis. 
rd. = Radial plate. tn. vs. = Tentacular vessel. 
ros. = Rosette plate. tr. com. = ‘Transverse commissure 
ru. hy. = Rudiment of hydroceel. of radial cords. 
r. w. v. = Radial water vessel. v. f. = Valvular fold. 
sac. = Sacculus. vn. nv. = Ventral nerves from 
sb. e. nv. f. = Sub-epithelial nerve brachial cord. — 

fibres. w. t. = Water tube. 

Ravn 1: 

Fig. 1. Antedon bifida, showing the attitude assumed by 
the animal when at rest. Natural size. 

Fig. 2. Antedon bifida, showing the disposition of the 
arms in swimming. Natural size. 

Fig. 3. Antedon bifida, viewed from the aboral surface. 
The cirri were removed from two-thirds of the 
periphery of the centro-dorsal to show the 
bases of the arms. x 0. 

Fig. 4. A radial plate, viewed from the axial face. x 8. 

Fig. 5. Abaxial (outer) face of a radial plate. x 8. 

Fig. 6. Lateral face of a radial plate. x 8. 

Fig. 7. Oral face of a radial plate. x 8. 

Fig. 8. Axial face of a first primibrachial. x 8. 
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Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


Fig. 


al. 


RR. 


20. 


24. 
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Abaxial face of a first primibrachial. x 8. 
Lateral face of a second primibrachial axil- 
lary ox 38. 

Oral face of a second primibrachial. x 8. 
Proximal face of a first secundibrachial. x 8. 
Proximal face of a secundibrachial joint from 
the base of an arm. x 8. 

Distal face of a secundibrachial joint from the 


base ofanarm. x 8. 


Distal face of a secundibrachial joint from near 
the tip ofan arm. x 8. 


. Distal face of the hypozygal joint of the first 


syzygial pair. x 8. 

Rosette plate, from the oral surface. x 12. 

Lateral view of rosette plate. x 12. 

Oral face of centro-dorsal plate showing its 
cavity. x 10. 

Half of aboral face of centro-dorsal plate, 
showing the sockets for the articulation of the 
eramt ix 10. 

Side view of four secundibrachial joints from 
the base of an arm, with the proximal joints of 
two pinnules in situ. The soft parts had been 
removed by maceration in caustic potash 
solution. x 6. 


Pirate II. 


Portion of a vertical section of the tegmen 
calycis, showing two ciliated funnels. x 320. 
Oral face of the disc, with the alimentary canal, 
reconstructed from serial sections, seen by 
transparency. x 6. Adapted from L. Cuénot. 
Oral face of the disc and the bases of the arms 
of Antedon lifida. x 6. 
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Fig. 
Fig. 
Fig. 


Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
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Fig. 


Fig. 
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20. 


26. 


Pat 


28. 


29. 
30. 
ole 
32. 
do. 


34. 
OO. 
30. 
ov. 
08. 


39. 
40. 


41. 


42. 


Longitudinal section of the lower portion of the 
cesophagus. x 3820. 

Section of the ectoderm of the dorsal face of an 
arm. x 400. 

Portion of a longitudinal section of the anal 
funnel. x 820. 

The central portion of fig. 24. x 12. 


Pruate III. 


Transverse section of anarm. x 40. 

A pinnular tentacle, in optical section. x 300. 
Transverse section of pinnular tentacle. x 300. 
An oral pinnule. x 12. 

An ordinary pinnule, with ovary containing 
nearly ripe eggs. x 20. 

Distal end of a pinnule from the distal end of 
gud even, | s< IN i 

Fibres of extensor ligaments. x 400. 

Fibres of flexor muscle. x 400. 

Portion of longitudinal section of a pinnule, 
showing three ciliated pits. x 320. 

A cirrus. x 14. 

Transverse section of brachial nerve cord. x 180. 


a&b. Vertical sections of two sacculi, showing 


stages in the formation of the masses of 


granules. x 3820. 


Prats LV. 


Ventral portion of a transverse section of an 
arm. 1-900; 
Transverse section of ambulacral epithelium 
and the sub-epithelial nerve band. x 600. 


Fig. 
Fig. 
Fig. 


Fig. 
Fig. 


Fig. 


Fig. 


Fig. 


Fig. 
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46. 
47. 


48. 


49, 


d3. 
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Longitudinal section of ambulacral epithelium 
and the sub-epithelial nerve band. x 650. 
Portions of two transverse sections of the axial 
organ. x 320. 

Transverse sections of a group of tubular blood 
lacune. x 180. 

Transverse section of the axial organ. x 180. 
Portion of a sagittal section of the disc, passing 
through the anal interradius. x 180. 


Puate V. 


Side view of central capsule and pentagonal 
commissure of the apical nervous system, 
reconstructed from serial sections. x 20. 
Aboral view of central capsule and pentagonal 
commissure of the apical nervous system, 
reconstructed from serial sections. x 20. 
The cirrus cords are not represented in this 
figure. 

Sagittal section of an arm. x 40. ‘The 
structures on the ventral side of the ccelac 
canal are not represented. 

The “spongy organ,” as seen in a horizontal 
section of the disc. x 122. 

Diagram of a sagittal section of the disc, partly 
after Ludwig. 


Prate VI. 


Horizontal section of a radial nerve cord at the 
point of bifurcation to form the brachial cords, 
showing the commissure and chiasma. x 49. 

Horizontal section of the central capsule and 
the chambered organ, at about the level of the 
line * in fig. 59. x 40. 
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Fig. 
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5). 


06. 


ig. O8. 


Oo: 


60. 


61. 


62. 


63. 


64. 


Horizontal section of the central capsule and 
the chambered organ, at about the level of the 
line:*'** im‘fies 69) 5c 40; 

Horizontal section of the pentagonal com- 
missure, at about the level of the line ¢ in 
fig. 59. x 40. 

Horizontal section of the central capsule and 
the chambered organ, at about the level of the 
line: ~ antiss Dos i <v4 0) 

Transverse (a) and longitudinal (6) sections of 
a cirrus cord and the included cirrus vessel. 
x 390. 7: 

Portion of a sagittal section of the disc, showing 
the central capsule, radial and cirrus cords, 
chambered organ and axial organ. x 40. 

Horizontal section of the base of an arm passing 
through the first four secundibrachials, and 
showing the double roots of the two first 
pinnular branches of brachial nerve cord. x 30. 


Prate VII. 


Horizontal longitudinal section of a pinnule, 
with a ripe testis showing the lateral papill- 
form projection through which the sperm- 
atozoa would eventually escape. x 06. 
Transverse section of a pinnule, with a nearly 
ripe ovary. x 40. 

Horizontal longitudinal section of an embryo, 
fifty-seven hours old. After Seeliger, from 
Lang. 

Posterior end of an embryo, sixty hours old, 
seen from the right side. After Seeliger, 
from Lang. | 


Fig. 
Fig. 


te 69. 


Fig. 


Fig. 


695. 
66. 


67. 


ig. 68. 


70. 


As 
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Free-swimming larva, from the right side. x 177. 
A young attached larva, showing the basal and 
oral plates, the primary tentacles and the 
primary saceuli. x 40. 

An older attached larva, showing the radial 
plates interposed between the basals and orals, 
and supporting the two primibrachials in each 
of the radu. x 40. 

The calyx of a decalcified attached larva, five 
weeks old, viewed from the left side. After 
Seeliger, from Lang. 

A still older attached larva, showing the five 
pairs of arms as they appear before the 
development of the first pinnules. x 22. 

The calyx and part of the stalk. of a nearly 
fully developed attached larva, showing the 
developing cirri. x 12. 

Portion of one of the arms of the specimen 
represented in fig. 70, showing the “ covering ” 
plates. 
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